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THE 


PRE F A CE. 


HERE are ſo many different Compoſitions 
already extant on the Subject of Gauging, that 
Some, perhaps, may imagine no farther Im- 
provements can poſſibly be made therein : How far 

fuch an Opinion may be juſtifiable, is not my Province, 
in this Place, to determine: But, be that as it may, 
1 flatter myſelf, however, that the attentive and un- 
prejudiced Reader will find ſeveral uſeſul and im- 
portant Things, in the following Sheets, not to be 
met with in any other Treatiſe on the Subject. 

In the Courſe of this Undertaking, I have exerted 
my utmoſt Endeavours to extend the Ax r of Gavu- 
GING ; by laying down the moſt general, accurate, 
and eaſy Methods of determining the Meaſures of all 
the various Forms of Veſſels which occur in Practice: 
In what Manner my Deſign is executed, is wholly 
ſabmitted to the impartial Reader, 

I have been ftudiouſly anxious to promote Truth and 
Utility, without even attempting to depreciate the La- 
bours of Others; as judging it more commendable to 
paſs over any little Imperfection that occurred, than to 
endeavour to magnify it, with a View to enbance the 
Merit of my own Performance: And although I have, 
in many Inſtances, departed from former Writers on 
the Subject, the greateſt Care has been taken not to in- 
troduce any new Methods of Gauging, but ſuch as will, 
it is preſumed, be found, by the Practitioner, to be far 
more general, and not more difficult, than thoſe which 
are omitted; and alſo ſuch as are founded upon the 
moſt indubitable Principles: Which Principles, to ob- 
lige the inqui/itive Reader, are given in the Notes, 

pd it is * they will not be decried by thoſe Gentlemen 
who 
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PREFACE. 


who may want Time, or Inclination, to apply them- 
ſelves to the ſpeculative - Part of the Subject. 
Though it muſt be allowed, that there is no Neceſſity 


for the prattical Gauger to be acquainted with Ges: 


metry, Algebra, and Fluxions; yet I can with 
Safety affirm (what has been already remarked, by that 
excellent Mathematician, the late Mr. Robert Shirt-. 
cliffe, in his Theory and Practice of Gauging ) ** That 
«< without a competent Skill in Algebra and Geometry,” 
« it is abſolutely impoſſi ble fer any Perſon to deter- 
« mine, whether the Rules given by common Writers 
&« upon this Subject be true or falſe, and much leſs 
« make any (even the leaſt) Improvement in this Part 


, Science.” — And, therefore, I cannot but 


think it extremely abſurd, and ill-naturcd in any One, 


ts endeavour to depreciate, and, what is very aſto- 


niſhing, even to ridicule thoſe excellent Branches of 
Science, from whence are derived the yery Rules and. 
Inſtruments which are ſo, highly approved by every 


practical Gauger; without which, he muſt ac- 
knowledge, even bis daily Buſineſs could not be per- 


formed. 


As it would be unneceſſary, here, to enumerate 
all be Particulars that compoſe the enſuing Sheets ; 
1t may therefore ſuffice to point out only. a fe-w 
of thoſe Articl's, which, perhaps, the candid and 
pretticel Reader will look upon as real and uſeful Im- 
prevemenis. 

In tre Buſineſs of Caſk- Gauging (which is reckoned. 
the moſt difficult Part of the Subject) is given @ 
general and practical Method of determining, very 
nearly, Ile true Variety of any cloſe Caſt z whereby 
any Perſon, with very little Appiicalion, may be 
— to form a tolerable Idea of the Variety, by only. 
viewing the Caſe : This, it is preſumed, is an, In- 
provement, which, if duly attended to, will be found 
of ſingular Advantage fince it will, doubileſs," be 4 
Means 


AREF'A.CE. 
Means of preventing ſuch Errors as muſt unavoidably 
happen, by the ordinary Method of merely gueſſing 
at the Variety of the Caſk. — In this Branch of 
. Gauging are alſo given, two very eaſy and compreben- 
' five Methods of finding the true Mean- Diameters of 
' the three different Varieties of Caſks, let the Propor- 
tion of the Bung and Heead- Diameters be what it will: 
For on ſuch Proportion (and not upon the Difference 
of thoſe Diameters) the true Multiplier, for finding 
2 Mean- Diameter, wholly depends. i 

The Nature and Property of the Diagonal Rod are 
far more extenſively conſidered than heretofore ; with 
very plain and uſeful Directions for applying this In- 
ſtrument, with Certainty, to upwards of 100 diffe- 
rent Forms of Caſks. 

It has. been hitherto imagined, that the Diagonal 
Nod would only exhibit the true Contents of one parti- 
cular Form of Caſks ; and alſo that its original Con- 
ſtruction was from a Caſk, whoſe Diagonal is 30 In- 

- ches, and Content 60 Ale Gallons, or from ſome known 

Content and its correſponding Diagonal, as they ap- 
' pear on Gauging Rules.—T hat the Diagonal of a Caſt 
may be 30 Inches, and its Content 60 Ale Gallons (or 
about 735; Wine Galloms) is indiſputably evident: 
But it certainly does not follow from thence, that there 
can be but one Bung-Diameter, Head-Diameter, and 
Length, allotted for a Caſk, which can have the above- 
mentioued Diagonal and Content; becauſe the Pro- 
portion of all thoſe Dimenſions, and conſequently the 
Form of the Caſt, may vary; without altering either 
its Diagonal, Magnitude, or Variety. (See Sect. 
X. Pa. 205). 

The Methods of ullaging both ſtanding and lying 
- Caſks, by the Pen, are given in as plain and conciſe a 
Manner as poſſible ; with very eaſy Directions for de- 
termining wwhen the Lines of Segments on the Sliding- 
.* Rule may be depended on, and alſo whether the Error 

is in Exceſs er Defef, 


7 be 


nd — __ 


PREFACE. 


The Method of approximating the Meaſure of any 
curvilineal Plane, by Means of equidiſtant perpendi- 
cular Ordinates (or Diameters), is delivered with as 
much Perſpicuity and Concijeneſs, as the Nature of 
fo important a Subject will poſſibly admit of; and 
which is moreover illuſirated with Examples ( ſuitable 
to the Practice of Gauging) not only of Figures whoſe 
Properties are known, and the Areas thereof deter- 
minable by other Methods; but alſo of Figures whoſe 
Properties are unknown, and their Areas not to be 
determined, with any Certaiuty, by any other Method 
whatever. 

Very accurate Tables are given of the Areas of Circles 
in Ale and Wine Gallons, each to 216 Inches Diam- 
eter. —Tables of this Nature (though perhaps none ſo 
extenſive) are to be met with in moſt Authors on this 
Subject; but, however, the Methods of Computation 
(being more exact and ealy than any that have oc- 
curred to me), by which the Tables in Pa. 262, &c. 
were actually formed, will not, it is apprehended, be 
unacceptable te ſuch Perſons as may be defirous of 
either extending (if neceſſary) the ſaid Tables, or of 
examining the Truth of thoſe given by Others. 

Many ot ber uſeful and inter eſting Particulars might 
tere be mentioned, but I rather chooſe to refer to the 
Mork itſelf; and therefore ſhall only beg, that the 
Reader will not too haſtily cenſure and condemn it ; 
but that, after impartially peruſing it with proper Atten- 
tion, be will candidly excuſe ſuch Defetis as may occur 
to him, and have eſcaped my Obſervation ; This, it 
is hoped, 1s no unreaſonable Requeſt, fince it is but ſol- 
liciting that Indulgence which every One is intitled to, 
who lays bis OWN] N Sentiments before the Public, with- 
out ſhewing too high an Opinion of his own Abilities. 


Dromley C Middlesex), January 5, 1768. | 
N. B. The firſt Edition of this Work was publiſhed in 1765, 
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SECTION I. 


„ 4. 


Of Dzcimar Fractions; 


T is indiſpenſably required of every One, 
who would learn the Art of Gauging, to 
acquire a previous and competent Know- 
ledge of Decimal Fractions, as the Dimen- 
ſions of all Utenſils, of what Form ſoever, are 
taken in Inches and Tenths, and all Inſtruments, 
for that Purpoſe, are decimally , divided. — I 
therefore apprehend it will not be improper to 
give, by Way of Introduction, a ſuccinct Account 
of Decimal Fractions. 

Firſt then, in Order to form as clear an Idea as 
poſſible of the Nature of Fractions in general, let 
us conceive an Unit, Integer, or ne whole Things 
of what Denomination ſoeyer, whether it be Coin, 

| B Weight, 


2 ITREATISE of Sect, I. 


Weight, Meaſure or Time, Sc. to be divided in- 
to a certain Number of equal Parts; then this 
Number of equal Parts, be it what it will, is ever 
called the Denominator of the Fraction; and that 
Number ſhewing how many of theſe Parts are to 
be taken, or expreſſed, is called the Numerator. 

Thus, for Example, ſuppoſe an Unit, or In- 
teger, to be divided into 12 equal Parts, and that 
it was required to expreſs 5 of thoſe Parts in a 
Vulgar FraRion ; then 12 will be the Denomina- 
tor, and 5 the Numerator; and the Fraction itſelf, 
will, by writing the Numerator above the Deno- 
minator, with a Line drawn between them, be 
thus expreſſed Br, and is read [ive-twelfths, —- 
This is a general Notation for Fractions of all 
Denominations. 

But, in Decimal Fractions, where the Integer, or 
hole Thing, is ſuppoſed to be divided into 10, 
100, or 1000, &c. equal Parts, the Notation 
will be more commodious for Practice, by wri- 
ting down the Number of Parts to be taken with 
a Point, or Comma, prefixed, without putting 
down the Denominator, as in Vulgar Fractions ; 
it being abſplutsly unneceſſary here, ſince it is al- 
ways known to be an Unit, with as many Cy- 

1ers annexed, as there are Places in the Fraction 
taken. Thus 3 (Five-tenths} expreſſed decimal - 
Iy, will be.5, and e (Severty-five Hundredths) 
wil be .75. 

It will be proper to obſerve to the Learner, 
that Cyphers placed on the Lett-Hand of a Deci- 
mal Fraction, decreaſe its Value in a ten- fold Pro- 
portion; in the ſame Manner as Cyphers placed 
on the Right-Hand of a whole Number, increaſe 
the Value thereof. 

For Example, . 5 (4) is the Half of an Unit; 
but .05 (+44) is only th of an Unit, which is 
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2th of the former; allo .005 (4%) is only 

eth Part of an Unit, and is therefore {th of 

the laſt Fraction . og. 

It may alſo be proper to take Notice, that Cy. 
hers placed on the Right-Hand of a Decimal 
raction, neither augment nor diminiſh its Value, 

For .5 (or Five-teaths) of any Thing, are the 

very ſame in Value as .5o (or Fifty-hundredths) 

of the ſame Thing : In the former of theſe, the 

Integer is ſuppoſed to be divided into 10 equa] 

Parts, and in the latter into 100 equal Parts; 

hence it is very obvious, that g of the 10 equal 

Parts are equivalent to 50 of the 100 equal Parts, 

of the ſame Integer, or Unit. 


Hundreds of Thouſands, 
Tens of Thouſands, 


Thouſands. 
Hundreds. 


m Tens. 
N Hundred Thouſandths, 


o Unit's Place. 
+ Ten T houſ/andths. 
4 


= Tenths. 
0 Hundredths. 


TO Thouſandths. 


&c. 


2 
> 
FO 


In the preceding Table it is. very obvious, that 
the Figures on the Left-Hand of the Point are In- 
tegers or whole Numbers; and that thoſe on 
the Right-Hand are Decimal Fractions, 


PR O pP. 1. 


To reduce any given Vulgar Fradlion, into a Deci- 
Wal Fraction. 
B 2 Ru l. k. 


A TRTATISE of Sect. I. 
Ru L. 


Let a competent Number of Cyphers be an- 
nexed to the Numerator, to form a Dividend; 
which being divided by the Denominator, the 
Quotient (if there happens to be no Remainder) 
will be preciſely the Decimal Fraction ſought.“ 


EXAMPLES. 


How muſt + and g of an Unit, or Integer, be 
expreſſed in Decimal Fractions ? 


OPERATION 5S. 


4)3-00(.75 8(7.000(.875 
28 | 64. 
20 60 
20 56 
2 40 
— 40 
Hence 


Mi 


1 


* A Vulgar Fraction cannot preciſely be expreſſed in a Decimal Fraction, 
unleſs the Denominator of the Vulgar Fraction is either ſome Power of 2, 
ſome Power of 5, or elſe ſome Power of 2 into ſome Power of 5 ; that is, 


univerſally, except the Denominator is 2 x 5 3 ſuppoſing m and u to 
de note any whole Numbers whatever. 

For it is very evident, that the Number 10 is diviſible by none of the Di- 
gits, except 2 and 5 ; and it is proved (Fu, 8. B. 14.& 15. Prop.) if one 
Number meaſure another, that the Square (or Cube) of that Number will 
meaſure the Square (or Cube) of the other Number ; from whence it follows, 
that any Power of the greater is diviſible by the ſame Power of the leſs 
Number; and it is well known, that, in reducing any Vulgar Fraction into 
a Decimal Fraction, the Numerator of the former is ever multiplied (or 
ſuppoſed to be multiplied) by ſome Power of 10, and the Product divided * 
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Hence it appears, that 3 (Three-fourths) of an 
Unit, are equivalent to .75 (e, that is, to 75 
Hundredth Parts of an Unit or Integer: Alſo, 2 
(Seven-eighths) of an Unit, are equal to. 87g 
(Teo ) i. e. to 875 Thouſandth Parts of an Unit. 

After the very ſame Manner, may any other 
Vulgar Fraction be reduced into a Decimal Frac- 
tion. 


ADDITION of DEIN AIS. 
PROP. 2. 


To find the Sum of any given Number of Decimal 
Fradtions, or mixed Numbers. 

The Method of Operation is the very ſame as in 
whole Numbers, ſtrict Regard being taken in 
placing the ſeparating Points one under another; 
and allo to place Units under Units, &c. in the 
Integers or whole Numbers, and Tenths under 
Tenths, Cc. in the Decimal Parts; and laſtly, 
to point off as many Decimals in the Total, as 
there are in that given Term which conſiſts of the 
greateſt Number of Decimal Places. 


EXAMPLE. 


Suppoſe it were required to find the Sum of the 
following mixed Numbers and Decimal Parts; viz. 


26.489, 


—ͤ—e—ũ— 


the Denominator: Hence it is plain, that unleſs the Denominator of the 


Vulgar Fraction be expreſſed by 2” x 5" (m and n being any whole 
Numbers), the Numerator of tht Fraction (whatever it be), drawn inte 
Tome Power of 10, cannot be diviſible by the ſaid Denominator ; conſe - 
quently the Quotient will never terminate, and therefore mutt neceſſarily 
de either a repeating, or a circulating Decimal, | | 

Hence it is evident, that in thoſe Decimals which happen to terminate, 
the Unit's Place of the Diviſor (or Denominator) will ever be found, 
either o, 2, 4, 5, 6 or 8; tut when either 1, 3, 7 or 9 ſtands in the 
Unit's Place of the Diviſor (or Denominator) it will be impeſſibie for the 
Quotient (or Decimal Figures) to terminate. V. B. If any of the Digits, 
2, 4, 5, 6 or 8, ſtands in the Place of Units in the D'viſor, the Quotient 
or Decimal Figures may, ſometimes, happen not to terminate, 
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Let a competent Number of Cyphers be an- 
nexed to the Numerator, to form a Dividend; 
which being divided by the Denominator, the 
Quotient (if there happens to be no Remainder) 
will be preciſely the Decimal Fraction ſought.“ 


EXAMPLES. 


How muſt ? and 3 of an Unit, or Integer, be 
expreſſed in Decimal Fractions ? 


OPERATION S. 


4)3.00(.75 8(7.000(.875 
28 64 
20 60 
20 56 
Fo 40 
— 40 
Hence 


Mi 


* 


* A Vulgar Fraction cannot preciſely be expreſſed in a Decimal Fraction, 
unleſs the Denominator of the Vulgar Fraction is either ſome Power of 2, 
ſome Power of 5, or elſe ſome Power of 2 into ſome Power of 5 ; that is, 


univerſally, except the Denominator is 2 X 'y 3 ſuppoſing m and = to 
denote any whole Numbers whatever, 

For it is very evident, that the Number 10 is diviſible by none of the Di- 
gits, except 2 and 5; and it is proved C Eu. 8. B. 14. & 15. Prep.) if one 
Number meaſure another, that the Square (or Cube) of that Number will 
meaſure the Square (or Cube) of the other Number ; from whence it follows, 
that any Power of the greater is diviſible by the ſame Power of the leſs 
Number; and it is well known, that, in reducing any Vulgar Fraction into 
a Decimal Fraction, the Numerator of the former is ever multiplied (or 
ſuppoſed to be multiplied) by ſome Power of 10, and the Product divided — 


Sect. I. GAUGING. 5 


Hence it appears, that 4 (Three-fourths) of an 
Unit, are equivalent to .75 (e, that is, to 75 
Hundredth Parts of an Unit or Integer: Alſo, 2 
(Seven-eighths) of an Unit, are equal to. 87g 
(£2), 7. e. to 875 Thouſandth Parts of an Unit. 

After the very ſame Manner, may any other 
Vulgar Fraction be reduced into a Decimal Frac- 
tion. 


ADDTITION of DIM AIS. 
PAS. . 


To find the Sum of am given Number of Decimal 
Fraflions, or mixed Numbers, 

The Method of Operation is the very ſame as in 
whole Numbers, ſtrict Regard being taken in 
placing the ſeparating Points one under another 
and allo to place Units under Units, &c. in the 
Integers or whole Numbers, and Tenths under 
Tenths, Cc. in the Decimal Parts; and laſtly, 
to point off as many Decimals in the Total, as 
there are in that given Term which conſiſts of the 
greateſt Number of Decimal Places. 


EXAMPLE. 


Suppoſe it were required to find the Sum of the 
following mixed Numbers and Decimal Parts; viz. 


26.489, 


— 


the Denominator: Hence it is plain, that unleſs the Denominator of the 


Vulgar Fraction be expreſſed by a2 x 5" (m and n being any whole 
Numbers), the Numerator of tht Fraction (whatever it be), drawn ints 
Tome Power of 10, cannot be diviſible by the ſaid Denominator ; conſe- 
quently the Quotient will never terminate, and therefore mutt neceſſarily 
be either a repeating, or a circulating Decimal, 

Hence it is evident, that in thoſe Decimals which happen to terminate, 
the Unit's Place of the Diviſor (or Denominator) will ever be found, 
either o, 2, 4, $5, 6 or 8; tut when either 1, 3, 7 or 9 ſtands in the 
Unit's Place of the Diviſor (or Denominator) it will be impeſſible for the 
Quotient (or Decimal Figures) to terminate. V. B. If any of the Digits, 
2, 4, 5, 6 or 8, ſtands in the Place of Units in the D'viſor, the Quotient 
or Decimal Figures may, ſometimes, happen not to terminate, 
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26.489, 82.05, 18.407, .5632, .82 and .076.— 
Th-te Herms, being placed according to the pre- 
ceding Directions, will ſtand thus: 


Total 128.4052 


This being ſo very obvious, it would be quite 
unneceſſary to give any more Examples of this 
Kind, 25 


SUBTRACTION of DECIMALS, 
CAOD . 


To find the Difference of any two given Decimal 
Frattions, or mixed Numbers. 


Rl . 


Let the ſame Method be obſerved in placing 
the two given Quantities, as in the preceding 
Rule; and it it fo happens, that the upper 
(or greater) Quantity ſhould not conſiſt of as ma- 
ny Decimal Places as the lower, the Defect 
muſt be ſupplied by annexing Cyphers (or ſup- 
poling them annexed) to the upper Term ; then 
ſubtract as if they were whole Numbers, and 
we ſhall obtain the Remainder or Difference; 
obſerving to place the Decimal, or ſeparating 

| Point, 
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Point, exactly under thoſe of the two given Num- 
bers. | 
EXAMPLES. | 
From 8.75 25.87 «76. 
Take 4.8476 12.384 2847 


Remainders 3.9024 13.486 475 


ä 


— ä ——̃ͤꝛ —ę— —— 


- 


MuLTIPLICATION of DECIMALS» 
P R O P. 4. 


To find the Product of any two given Decimal 
Frattions, or mixed Numbers. 


RV L x. 


Let that Factor which conſiſts of the greateſt 
Number of Figures, be multiplied by the other, 
in the very ſame Manner as if they were both 
whole Numbers; and from the Product point 
off, from the Right-Hand, as many Decimals, as 
there are Decimal Places in the given Factors. 


EXAMPLE TI. 


Let it be required to find the Product of theſe 
two Factors; viz. .764 and . 28. 


764 


21392 the required Product. 


Note; 


CO nn ts OWE . GO - 
_ * 
- 
- 


$ A TREATISE of Sect. I. 
Note. The Reaſon of pointing off as many Deci- 
mals in the Product as there are Decimal Places 
in both the given Factors, is very evident: For 
let the above Fractions be expreſſed by 7%; and 
ue; then the Product of theſe (by the Nature of 
Vulgar Fractions) will be £7225: Moreover, 
according to the Notation of Decimal Fractions, 
the (ſuppoſed) Denominator of each Fraction muſt 
conſiſt (as above) of as many Cyphers, as there are 
Figures (and Cyphers) in both Fractions: Hence 
it is evident, that the (ſuppoſed Denominator of 
the Product will conſiſt of an Unit, with as many 
Cyphers annexed, as there are Cyphers in both the 
( ſuppoſed)ꝰ Denominators of the given Factors, or 
Decimal Places in both the given Fractions; and 
which muſt, evidently, be equal to the Number 
of Decimals in the required Product. A 


EXAMPLE 2. 


Multiply 24.8763 
By 3.47 


1741341 
995052 
746289 


Product 86. 32076 7 


When the Product does not conſiſt of as many 
Figures or Places, as there are Decimal Places 
in both the given Factors, the Defe& muſt be 
ſupplied, by prefixing Cyphers to the Product: 
As in the following 


EXAMPLE; 
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EXAMPLE, 


Multiply 5.478 
By .00054 


mme. 


21912 
£7399 


Product .00295812 


Divis1own of DECIMALSs., 
Px OF. 


Two Decimal Frafions, or mixed Numbers (or one 
of them a mixed Number, and ihe other either a De- 
cimal Fraftion or a whole Number) being given; 10 
find the Quotient ariſing from dividing one by the other. 
The Method of Operation, here, is the very ſame 
as in Diviſion of whole Numbers; the only Diffi- 
culty lies in determining the true Value of the 
Quotient, or of pointing off the right Number of 
Decimal Places. — To effect which, obſerve the 
tollowing general 


Ru l. k. 


Point off as many Decimals in the Quotient, as 
the Number of Decimal Places in the Dividend 
exceeds that in the Diviſor. 

For it is evident, from the preceding Note, that 
the Decimal Places in the Dividend mult be exa#ly 
equal to the Number of hoe in both the Diviior 
and Quotient. | 


C EXAMPLE 


10 ATRATATIS T of Seer, J. 
EAI I. | 
Divide .728654 by .34- 
Ore 1 ATION. 


+34).728634(2,1431 


In the above Example, there are fix Places of 
Decimals in the Dividend, and only two in the 
Diviſor; conſequently, by the general Rule, there 
muſt be four Places of Decimals in the Quotient. 

It is very obvious, from the preceding Rule, 
that when there are juſt as many Decimal Places 
in the Dividend as there are in the Diviſor, the 
Quotient will be a whole Number, if there hap- 
pens to be no Remainder after the Operation: But 
if there ſhould be a Remainder; let Cyphers be 
annexed thereto, and ſo continue the Diviſion at 
Pleaſure, and we ſhall have as many Decimals i in 
the Quotient as there were Cyphers annexed in - 
on Operation. 

EXAMPLE 


— 


r 6s II 
EXAMPLE 2. 

Let it be required to divide 1.341.482 by 5.283; 
and to have three Places of Decimals in the Quo- 
tient. HOLA S 

It is very evident, from the preceding general 
Rule, that there muſt be three Cyphers aunexed 


to the Dividend; then the Operation will be as 
follows : : 


OrzRAT1ON, 


5:283)1341.482000(253.924, &c. 
10566 
28488 
26415 

20732 
15849 


48820 
475+ 
12830 
10366 
80 505 
21132 
1508 Remainder, 


—— 


24208) 44h l 
When there are not ſo many Figures in the 
Quotient, as there are Decimal Places in the Divi- 
dend more than in the Diviſor; ſupply the Detect 
with Cyphers, prefixed to the {aid Quotient: As * 
an the following R 
C 2 Exaur rt 


o * 
2 
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| EXAMPLE 3. 
Divide 7.856249 by 165.45. 
OPERATION. 
136.45)7.856249(.0575, &c. 
68225 | 


{<< 
* 


78599 
68225 


10374 Remainder. 


PA OP. 6. 


To reduce Coin, Weight, Meaſure or Time, &c: 
into Decimal Frattions. 


RuLE. 


When there are two, or more, different Denomi- 
nations given to be reduced into Decimal Fractions, 
whether they be Coin, Weight, Cc. Firſt reduce 
all thoſe different Denominations into the loweſt 
of them, which will be the Numerator of a Vulgar 
Fraction, whoſe Denominator will be the given In- 
teger, reduced into the ſame Denomination as the 
above-mentioned Numerator; this Vulgar Fraction 
being then reduced (by Prop. 1.) into a Decimal 
Fraction, will be the Aniwer fought. 


ExamPyLE I. 


Reduce 16s, 4d. into the een of a Pound. 
Firit, 


_— 


& 


* 
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Firſt, 165. 4d. is equal to 196 Pence, the Nu- 
merator, a d in 203. (he given Integer) are 240 
Pence, the Denominatur ; then (by Prop. 1.) 435 
being reduced into a Decimal Fraction will be the 
Aatyer required. 


OPERATION. 


240)196.0000(.8 166, &c, the Decimal Fraction 
1920. _ Lſougnt. 
| 400 
240 
1609 
1440 
| 1600 
1440 


160 Remainder, 


— 


ExXAMPLE 2. 


Let it be required to expreſs 34. 1415. 1002, in 
a Decimal Fraction, when one Ton is ſuppoſed the 
Integer, or Unit: Or, which is the ſame Thing, to 
find what Decimal Part of a Ton, is 34. 1446. 
I00Z. | | 

Firſt, 39. 145. 1092. is equal to 1578 oz. the 
Numerator : | 

And one Ton is equal to 35840. the Deno- 
minator : 

Then (by Prop. 1.) reduce the Vulgar Fraction 
Fang into a Decimal Fraction; See the fol- 

wing 


OPERATION, 


„% iti Sf 
OrEzRrAaTIiON. ” | 
$ 143300 [mal fought: 


—— 


. 


1 143360 


| | wt 104000 
71680 
323209 
322.560 


640 Remainder. 


— 


PRO P. 7. N 
7 find the Value of aiy given Decimal Fraclion. 
Rx. 


Multiply the given Decimal by that Number 
(of the hext infetior Denomination) which expreſſes 
the Value of the Integer, of which the given Deci- 
mal Fraction is a Part; and from the Product point 
off the Decimal Places, according to the Rule 
obſerved in Multiplication; and we ſhall then ob- 
tain the Value of the given Decimal in the ſame 
Denomination of the Multiplier: And ſo by pro- 
cceding in the ſame Manner, till we come to the 
loweſt Denomination of the propoſed Integer, we 
ſhall, at laſt, get the Value of the propoſed De- 
cimal Fraction : The following Examples will 
tender this Rule very plain. * 


EXAMPLE 


— 
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Required the Value of 9495 of a Pound 
Sterling. 


OPERATION: 


Y Shillings, the Value of the Integer or 
— { Pound, 
18.9900 
12 Pence, the Value of the Integer or 
—— _—  [Stilling, 
11.88 
4 F n the Value of the Integer or 
— {| Penny, 
—þ 52 


———— 
5 . 


Hence it appears, that the Value of .9495 of a 
Pound Sterling, is 18s. 11d. 4 and 52 Hun- 
gredths of a Farthing. 


EXAMPLE 2, 
How many Quarters, Pounds, ** and 


Drains, are coptained i in 482 of an Hundred- 
Weigtit? © 


OrERATION- 
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OPERATION. 


482 
4 Quarters in the Hundred, or Integer. 
1.928 * 
2838 Pounds in the Quarter, or Integer. 
7444 
1856 
25.984. | 
16 Ounces in the Pound, or Integer. 


5904 
984 


15.744 | 

16 Drams in the Ounce, or Integer, 
4464 
744 


11.904 


Hence it appears, that. 482 of an Hundred- 
Weight, is equal to 19. 2516. 1502. 11dr. and 
904 Thouſandths of a Dram. 


EXAMPLE g. 


To find how many Weeks, Days, Hours, Ic. 
are contained in . 856 of a Month (i. e. four 
Weeks). 


OrEtR ATION 
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OPERATION. 
856 s 
4 Weeks in the Month, or Integer, 
| | | 75 
3-424 ; | 
7 Days in the Week, or Integer, 
— — 
2.968 | 
24 Hours in the Day, or Integer, 
3872 
1936 
23.232 
60 Minutes in the Hour, or Integer, 


— —— 


1 3.920 ; 
60 Seconds in the Minute, or Integer, 


55.200 


n———_—_— 


It is found, by the preceding Operation, that 
' +856 of a Month, is equivalent to 3. 2 D. 23 U,. 
13 M. 558. and 2 Tenths of a Second. | 


. — 


my * 
% 4 n 3 


ff 


SECTION II. 
Of the SQVARE Roo, 


oO extract the Square Root of any given Number, 

is to find ſuch a Number (it paſſible), woich 
Being multiplied by itſelf ; the Produ ſhall be equa? 
to the given Number, Thus, the Square Rot 
pf 4 is 2 (becauſe 2 multiplied by 2 is equal ta 
4) and for the ſame Reaſon, the Square Roct of 
9 is 3, and of 16 is 4, * ail which will evident 


* 
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ly appear from the following Table of Roots and 
SquAres. 


Reats 2 41516 7 8] gl Ke. 
Squares 1] 4| 9[16125136[49|04|81] & MG. 


The Square Roots of Numbers are either ſim- 
ple or compound; viz. ſimple, when the Root 
conſiſts of one Figure only; and compound, 
when it contains more than one Figure: An 
it may be proper to obſerve here, that the Num- 
ber of Places in the Square of any given Num- 
ber, whether a ſimple or compound Root, 
will either conſiſt of juſt double the Number of 
Places in the laid Root, or one Place leſs than 
the ſaid double; that is, if there are two Places, 
the Square thereof cannot conſiſt of more than 
four Places, nor leſs than three; if there are three 
Places, the Square therecf will either conſiſt of 
five or ſix Figures, or Places, &c. Hence 
it appeers (ſce the ſubſequent Lemma“) that if 
a Point be placed over the Unit's Place of any 
whole Number, whoſe Square Root is to be extract- 
ed, and another over the third Figure, and fo on, 
over the fifth, ſeventh, ninth, &c. Viz. over every. 
other Figure to the End; we ſhall have as many 
integral Figures (or Places) in the Root, as there. 
were Points placed over the propoſed whole Num- 
ber, 

Any whole Number being thus pointed into 
Periods, its Square Root may be obtained by the 
following | 


GENERAL RULE. 


| - Firſt find by the preceding Table, or a, few 
Trials, which of the nine Digits being Ir} 
| W 
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will be equal, or the neareſt 4%, to the firſt Period, 
beginning at the Left. Hand; which being found, 
place it at the Right-Hand of the given Number, 
whoſe Square Root yeu are then ſeeking, in the 
ſame Manner as a Quotient in common Diviſion. 
Then let the Square of this Number (which is the 
firſt Figure of the required Root) be taken from 
the firſt Period, and to the Remainder (if any) join 
the next Period to the Right-Hand; this Number 
is called a Reſelvend: Double the Figure of the 
Root, and place it as a Diviſor to the Reſolvend; 
then ſeek, as in Diviſion, how often this Diviſor is 
contained in the Reſolvend, all but the Unit's 
Place, and with this Reſtriction too, that when the 
Quotient Figure (or this laſt Figure of the Root) 
is annexed to the aforeſaid Diviſor, and the Whole 
multiplied by the ſaid annexed Figure, the Pro- 
duct ſhall not exceed the Reſolvend, but ſhall ei- 
ther be equal thereto, or the next leſs; this Pro- 
duct being taken from the Reſolvend, to the 
Remainder let another Period be annexed, which 
will then form a ſecond Reſolvend. 

Double the two Figures of the Root, which 
place (as before) for a Diviſor to this ſecond Retol- 
vend : Find how often this Diviſor is contained 
in the faid Reſolvend, neglecting the Unit's Place; 
ſtill obſerving, that when the Quotient Figure 
(which is the third Figure of the Root) is annexed 
to this Jaſt Diviſor, and the Whole multipl:ed by 
the Figure ſo annexed, the Product muſt be equal, 
or the next leſs, to the Reſolvend. 

Proceed in this Manner, Period after Pe- 
' riod, till they are all brought down; and it there 

be no Remainder after the Operation, the Num- 
ber propoſed is a ſquare Number. 

If there ſhould ii be a Remainder; then the 
propoſed Number is called a rd Number, and has 

D 2 10 
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ly appear from the following Table of Roots and 
Squares. 


—— 


Roots 1[ 2 3j 41 | 6| 7] 81 gl &c. _ 
Squares I 4| 9{16125|36145|64|81]| & M. 


The Square Roots of Numbers are either ſim- 
ple or compound; viz. ſimple, when the Root 
conſiſts of one Figure only; and compound 
when it contains more than one Figure: An 
it may be proper to obſerve here, that the Num- 
ber of Places in the Square of any given Num- 
ber, whether a ſimple or compound Root, 
will either conſiſt of juſt double the Number of 
Places in the ſaid Root, or one Place leſs than 
the ſaid double; that is, if there are two Places, 
the Square thereof cannot conſiſt of more than 
four Places, nor leſs than three; if there are three 
Places, the Square thereof will either conſiſt of 
five or ſix Figures, or Places, &c. Hence 
it appears (ſce the ſubſcquent Lemma“) that if 
a Point be placed over the Unit's Place of any 
whole Number, whoſe Square Root is to be extract- 
ed, and another over the third Figure, and ſo on, 
over the fifth, ſevenih, ninth, &c. vig. over every 
other Figure to the End; we ſhall have as many 
integral Figures (or Places) in the Root, as there 
were Points placed over the propoſed whole Num- 
ber. | 

Any whole Number being thus pointed into, 
Periods, its Square Root may be obtained by the 
following | 


GENERAL RULE. 


Firſt find by the preceding Table, or a, few 
Trials, which of the nine Digits being N 
W 
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will be equal, or the neareſt 4%, to the firſt Period, 
beginning at the Left Hand; which being found, 
place it at the Right-Hand of the given Number, 
whoſe Square Root yeu are then ſeeking, in the 
ſame Manner as a Quotient in common Diviſion. 
Then let the Square of this Number (which is the 
firſt Figure of the required Root) be taken from 
the firſt Period, and to the Remainder (if any) join 
the next Period to the Right-Hand; this Number 
is called a Reſolvend: Double the Figure of the 
Root, and place it as a Diviſor to the Reſolvend; 
then ſeek, as in Diviſion, how often this Diviſor is 
contained in the Refolvend, all but the Unit's 
Place, and with this Reſtriction too, that when the 
Quotient Figure (or this laſt Figure of the Root) 
is annexed to the aforeſaid Diviſor, and the Whole 
multiplied by the ſaid annexed Figure, the Pro- 
duct ſhall not exceed the Reſolvend, but ſhall ei- 
ther be equal thereto, or the next Jeſs ; this Pro- 
duct being taken from the Reſolvend, to the 
Remainder let another Period be annexed, which 
will then form a ſecond Reſolvend. 

Double the two Figures of the Root, which 
place (as before) for a Diviſor to this ſecond Reſol- 
vend : Find how often this Diviſor is contained 
in the faid Reſolvend, neglecting the Unit's Place; 
ſtill obſerving, that when the Quotient Figure 
(which is the third Figure of the Root) is annexed 
to this Jaſt Diviſor, and the Whole multiplied by 
the Figure ſo annexed, the Product muſt be equal, 
or the next leſs, to the Reſoivend. 

Proceed in this Manner, Period after Pe- 
' riod, till they are all brought down; and it there 

be no Remainder after the Operation, the Num- 
ber propoſed is a ſquare Number. 

It there ſhould i be a Remainder; then the 
propoſed Number is called a und Number, and has 

D 2 10 
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no true Root; but a Degree of Exactneſs may 
be obtzined, by annexing two Cyphers to each 
Remainder, and proceeding as above. 


TExaM>14: 2 


Let it be required to extract the Square Root of 

134689: Or, which is the ſame Thing. to find 

a Number (if poſſicle, which being multiplied by 
itſelf, the Product ſhail be equal to 134689. 


OPERATION. 


The given Number being pointed in the Man- 


ner as before taught, will ſtand thus, 134689; 
whit ſhews there will be three Figures in the Root, 
if ic $2pp-0s to be a perfect ſquare Number; and 
if a fu d Numb er, there will, however, be three 
Figures in the integral Part of the Root. 

Here then being three Periods; viz. 13, 46 and 
89 (or more prope:iy 1.30000, 4600 and 89 ;; Firſt 
find in the Cable of imple Roots, or otherwile, 
what Num aber being ſquared, will be equal, or the 
next leſe, to the firit Period 13, Which is reagily 
fund to be 3, the firſt Figure of the Root; the 
Square of which (9) being taken from 13, leaves 
＋.; to this | Remainder join the next Period, and it 
m kes 445, which is called the Reſelvend; and the 
Work will ſtand as under.“ 


13468903 
9 


— — 


446 Reſolvend. 
Then 
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Then place (6) the Double of the Root, as a 
Diviſor to this Reſolvend 446 ; and ſeek how of- 
ten 6 in 443 but in ſuch a Manner, that the Quo- 
tient Figure (which will be the ſecond Figure of the 
Root) being annexed to the D.viſor (6) and the 
Whole multiplied by the Figure ſo annexed, the 
Product mult be either equal, or the next leſs, to 
the Reſolvend 446: Now, in the preſent Example, 
the ſecond Figure of the Root is found to be 6, and 
therefore the Diviſor is 66, which being multipli- 
ed by 6, and the Product (396) taken from the 
Reſolvend (446) leaves go; to which join the next 
Period (89) and it makes 5089, for a ſecond Re- 
ſolvend ; and the Operation will ſtand as follows. 


124689(36 
9 


— u 


66) 446 
396 


5089 Reſolvend. 


Double the Figures (36) of the Root, which 
place as a Diviſor to this laſt Reſolvend; then find 
how often 72 (the Double of 36) is contained in 
508, and with the ſame Reſtriction as before; 
namely, when the new Quotient Figure (which will 
now be the third Figure of the Rœot) is annexed to 
(72) the Diviſor, and the Whole multiplied by the 
Figure fo annexed, the Product ſhall not exceed 
the Reſolvend; but ſhall be either equal thereto, or 

the next leſs: Now here it is eaſy to perceive that 
is the next Figure of the Root (for 7 Times 72 is 
504); therefore annex 7 to the Diviſor, and mul- 
tiply the Whole (727) by 7, the Product will 
be 
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be 5089, which being «qual to the Reſolvend, 
(and all the Periods brought down) ſhews the pro- 
poſed Number (134689) is a perfect iquare Num- 
ber: See the whole Operation. 


I 34689( 367 the required Root. 
9 


66) 446 
396 


727)5089 
5089 


When the given Number to be extracted, is ei- 
ther a mixed Number, or a Decimal Fraction, 
the Method of Operation will be the very ſame as 
in the foregoing Example; only obſerving, that if 
the Decimals conſiſt of an odd Number of Places, 
they muſt firſt be made an even Number, by an- 
nexing 1, 3, 5 or 7, Cc. Cyphers according to 
the Exactneſs required in the Root; which Root 
will always conſiſt of as many Integral, and as 
many Decimal Places, as there were Points reſ- 
pectively placed over the Integers, and Decimal 
Places (together with the Cyphers annexed) of the 
propoſed Number. | 

EXAMPLE 


a * A — 


LEZNM NA. 

* If any Number whateurr be denoted by F Places; then wwill the Square of 

that Number ever confilt of either 2F, or 2F —1 Places. 
it is ſufficien ly evident, that if any Number of Figures, denoted by F, 
be multiplied by any one of the nine Digits, the Number of Places in the 
Product cannot be lefs than F (the Number of Figeres to be maltiplied), nor 
greater than FI; th: Number of Places which would ariſe by multiply- 
ing F Number of Places by 10: And, it is equally plain, if the CIS 
its 
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ExAaMPLE 2. 


What is the Square Root of 184.2 ? 

Firſt, ler three Cyphers be annexed and pointed 
as before directed, and the Operation will be as 
follows, 


184.2000(1 3-57, &. 
I 
23) 84 
69 | 
265)1520 
1325 


2707) 19500 
18949 


531 Remainder; 
Here 


— 


— At 


fiſts of two Places, the Number of Places in the Product cannot be more than 
F-+Þ2 ; wiz, the Number of Places which would be produced, by multi- 
plying F Places by 190; nor leſs than FI; the Number of Places which 
would ariſe from F Places being multiplied by 10; which is the leaſt Mul- 
QUplier for any two integra/ Figures, 

By the very ſame Method of Reaſoning it appears, that, if the Multiplier 
confiſts of three Places, the Number of Places in the Product cannot be 
greater than Fz; the Number of Places (i. e. Figures and Cyphers) 
produced, by multiplying F Places by 1coo ; nor can it be leſs than F; 
the Number of Places which would ariſe by multiplying F Places by 100 : 
Hence the Number of Places, in the three aforeſaid Caſes, may be either 
For F-+1, F+1 or F+2, F+2 or F-þ3, according to the Largeneſe, or 
Smailneſs, of the laſt Figure on the Left-Hand, in the Muitiplicand and 

the Multiplier, 
No let the Number of Places in the greater Factor (or Multiplicand) 
be here denoted by F, and thoſe in the leis Factor (or Multiplier) by fe 
Then it is evident, from the preceding Method of Reaſoning, that the 


Number of Places in the Product will be either F,, or F+f—x ; con- 
vently when the Number of Places in each Factor is equal; that is, 
xhen F (which is the Caſe when any Number is to be ſquared) ; then 
| | the 
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Here muſt be two Decimals pointed off in the 
Root (becauſe there are two Points over the De- 
cimal Places) and alſo two integral Numbers, 
agreeable to the foregoing Obſervation. 

By annexing more Cyphers, and continuing the 
Operation, we may approximate the Value of the 
Square Root of 184.2, to any aſſigned Degree of 
Exactneſs. | 


EXAMPLE 3. 
To extract the Square Root ot .84567, 


OPERATION. 


.$45670(.919 the required Root, nearly, 
81 | 
 I81)356 
181 
1829)17570 
16401 


1109 


— — 


EXTAM SIL E 


—— 


— 777 EY * 2 


the Number of Places in the Product, or in the Square of F V Number 
of Places, will be either 2F, or 2F—1x; that is, if F (or f)== 1 (one 
Figure), the Number of Places in F* {f*) will be either 4 or 2 (wiz. 
2F—1or2F); if F=2 (two Places), the Number of Places in F* will 
be either 3 or 4 (wiz. 2zF—1, or 2F), and if Fg; (three Places); then 
will the Number of Places in F?, be eicher 5 or 6 (viz, 2F—1, or 27), 


Cc. QE. I. 
Corollary I. 


Hence it appears, that if any ſquare Number conſiſts of either x or 2 Fi- 
eures or Places, its Square Root will conſiſt of one Figure only; if there be 


ther 3 or 4 Places in any ſquare Number, its Square Root will have preciſe y 
two Places ; it either 5 or 6, its Squue Root will have thuxe Places, 


Sa 
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EXAMPLE 4. 
What is the Square Root of 2 ? 


OPERATION. 


2.00000000(1.4142, the Square Root 
1 Lof 2, nearly, 


2824) 11900 
| I1296 


28282) 60400 
565064 


3836 


— — 


E SECTION 


Vo —_ w_ * — 


1 — 


Se. From whence appears the Reaſon of pointing the 1ſt. 3d, 5th, and 
o,th Place, Cc. beginning at the Unit's Place of any Number, whoſe 
Square Root is to be extracted. 


COSKSALTATYT 1 


It appears likewiſe, from the foregoing Lemma, if any Number of Figures 
be repteſented by F, that the Number of Places in Fs cannot exceed 3F, nor 
be lets than 3F — 2; therefore the Number of Figures in the Cube of one 
fingle Figure, will be either 1, 2 or 3 (viz. 3F — 2, 3F — 1 or 3zF); the 
Number of Places in the Cube of any two Figures, will be either 4, 5or 6 
(viz, 3f —2, 2F — 3 or 3) ; and the Cube of three Figures, will confi 
of either 7, 8 or 9 Places (wiz, 3H — 2, F — 1 or z): —Hence the 
Reaſ in js plain for pointing the 1ſt, 4th, 5th, reth Places, &c. beginning 
at 1 Place of any whole Numter, whoſe Cube Roct is to be c 
Haeted. 
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SECTION III. 
Of the Cuse Roor. 


O extract the Cube Root of ans given Number, is 

the ſame Thing as to find (if poſſible) a Number, 
which being multiplied by itſelf, and the Product 
thereof multiplied again by the ſaid Number ; the 
laſt Predutt ſhall be equal to the Number given. 
For Inſtance, the Cube Root of 27 is evidently 
3; becauſe 3 multiplied by 3, and the Product 
(9) multiplied again by 3 gives 27: Alſo the 
Cube Koot of 64 is 4, of 125 is 5, Cc. lee the 
tollowing Table. 


Roots 1] 2 3] 41 5161718 | 9 | &c 
Cubes II 8127]64)125|21613431512}729| &c. 


The Cube Roots of Numbers are ſimple, when 
they conſiſt of one Figure only ; and compound, 
when they. contain more than one: The firſt of 
theſe are eaſily learnt by Heart, from the preced- 
ing Table; but the latter require a tedious Ope- 
ration: To eject which, obſerve the following 
Directions. 

Make a Point over the Unit's Place of the pro- 
pled Number, and another over the 4th, and ſo 
on, over the 7th, 10th Figure, Sc. and we ſhall 
have as many integral Figures in the Root, as 
there are Points placed over the given whole 
Number. e 48 e e | 
Find a Number, which, being cubed, ſhall be 
equal, or the next leſs, to the firit Period, begin- 
mg at the Letr-Hagd ; this Number is the firſt 
Figure of the Root, _ one 

8 ä The 
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The Cube of this firſt Figure of the Root being 
taken from the firſt Period, to the Remainder 
(if any) bring down the next Period, which will 
then form what is called the Reſolvend. 

Triple the Root, and alſo triple its Square, 
which put down, ſo that the Unit's Place of 
the latter may ſtand under the Place of Tens of the 
former; the Sum of theſe Numbers is called a Di- 
viſor, by which the next Figure of the Root may 
be nearly eſtimated, as follows, 

Seek how often che Diviſor is contained in the 
Reſolvend, excluſive of the Unit's Place thereof, 
and with the following Reſtriction too; namely, 
that if the Cube of the Quotient Figure (which 
muſt be the ſecond Figure of the Root) be placed 
under the Reſolvend, Units under Units, and the 
Square of the Quotient Figure multiplied by the 
triple of the other Figure of the Root, and the 
Unit's Place of the Product, ſet under the Place 
of Tens of the aforeſaid Cube, and alſo this laſt 

uotient Figure (or ſecond Figure of the Root) 
multiplied by the triple Square of the firſt Figure 
of the Root (found as above) and the Unit's Place 
of this Product ſet under the Place of Tens of the 
laſt Product; the Sum of theſe three Numbers 
(which is called the Subtrabend) muſt be equal, 
or the next leſs, to the Reſolvend; from which 
let the Subtrahend be taken, and to the Re- 
mainder (if any) biing down the next Period to 
form another Reſolvend : Proceed in the very 
ſame Manner, as above, to find the Diviſor and the 
third Figure of the Root, and fo on, Period after 
Period, till they are all brought down ; then if 
there happens to be no Remainder, the Number 
propoſed was a perfect cube Number: But if the 
whole Number to be extracted, be not a perfect 
cube Number, OI muſt be annexed 

2 do 
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| to the laſt Remainder for a new Reſolvend, and ſa 
; proceed as above; then as many Times as there are 
three Decimal Cyphers annexed to the Remainders, 
ſo many Decimal Places will be in the Root. 


EXAMPLE I. 
To extract the Cube Root of 3375, 


OrzRaATI0ON; 


3 375075 the required Root. 
, | 


M_— 


2375 Reſolvend, 
, 3 Triple of the Root r. 
3 Triple Square of the Root, 
33 Diviſor. 
125 The Cube of 3. 
75 The Square of 5, by the triple Root; 
15 Triple Square of the Root by 5. 


Wh 375 Subtrahend, to be taken from the Rez 


o Remains, 


—— 


Otherwiſe, more generally; from whence will ape 
pear the Reaſon of placing the Numbers to farm 
the Diviſor and Subtrahend, as above, 


It is plain, if the above given Number (33753 
be pointed according to the foregoing Directions, 
there will be two Periods, viz. 3000 and 375, 
which ſhew there will be two Figures in the K 

| The 
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The next leſs Cube Number to 3000 is 1000, 
whereof the Cube Root is 10; theretore 1060 (the 
Cube of the Root 10) being taken from the firſt 
Period, there remains 2000; to which add the 
next Period (375), and we get 2375 for a Reſol- 
yend : See the following Operation at large. 


'3375(15 the required Root. 
I 000 


2375 Reſolvend. 


30 Triple of the Root 10. 
300 Triple Square of the Root 10. 


330 Diviſor: 


125 The Cube of 5. 
750 The Square ot g, by the triple Root 10. 
1500 Triple Square of the Root (10) by 3. 


| 


2375 Subtrahend, to be taken from the Re- 
{ſolvend. 


EXAMPLE 2: 


To extract the Cube Root of 22425768. 


* k 4 
7.3 T 
O! „ 
E ö 
. . 
g - 
* 4 
4 I L 
U 9 380 
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OPERATION. 


22425768(282 
8 


14425 Reſolvend. 


6 Triple of the Root. 
12 Triple Square of the Root, 


126 Diviſor. 


512 Cube of 8. | 
384 Square of 8, by the triple Root. 
96 Triple Square of the Root by 8. 


' 13952 Subtrahend, to be taken from the above 
| [Reſoivendy 


473768 Reſolvend. 


84 Triple of the Root 
2352 Triple Square of the Root: 


2 3604 Diviſor. 


8 Cube of 2. 
336 Square ot 2, by the triple Root. 
4704 Triple Square of the Root by 2. 


| 


473768 Subtrahend. 


oO Remains! 


SECTION 
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SECTION Iv. 


Tus CONSTRUCTION AND USE or Tre 
SLIDING-RULE. 


O treat of this valuable Inſtrument from its 
Origin, it would be abſolutely neceſſary to 
explain th Nature and Properties, and to com- 
pute a Iable, of ] »garithms ; from whence the 
principal Lines there ln were conſtiuttec : But, 
as th-le 1 nings might be deemed toreign to the 
preſent Subjz&t, I ſhail taerciore content myſelf 
with giving the Mechod of conſtructiug the L. 
and afterwards of applying them © Practer: 
However, for the Sake of the inquiſitive Reader, 
I ſhall ſhew, in the Notes ſubjoined, the Con- 
formity of the Operations on the Rule with the 
Nature of Logarithms. 

The Lines on this Inſtrument, marked A, B, 
N, C, and two marked D, are Lines of Numbers, 
| commonly called Gunter's Lines, frum their worthy 
Inventor Mr. Edmund Gunter, the third Profeſſor 
of Aſtronomy in Greſham College, Lonpon ; who, 
in the Year 1624, firſt made the Diſcovery of ap- 
plying Logarithms to Extenſion ; and of perform- 
ing, with great Facility, by Means of a Pair of 
Compaſſes, and the faid Line of Numbers, the 
Buſineſs of Multiplication, Diviſion, and all Arith- 
metical Operations, where the Rule of Proportion 
was required: But the Uſe of Compaſles being 
found both troubleſome and liable to Error, the 
late ingenious Tho. Everard, Eſq. made a very 
conliderable Improvement in the Application of 
the Line of Numbers, by contriving one Line to 

ſlide 


31 I TREATIS TTF Sect IV; 
Nide by another, in the ſame Manner as the In- 
ſtrument we are now ſpeaking of. 

The Method of conſtructing the Line of Num- 
bers is the very ſame, let the Radius, or Length 
of the Line, be what it will; thoſe Lines on the 
Sliding-Rule, marked A, B, N, and C, are gradu- 
ated upon Half the Radius of that Line which is 
marked D. | | 

Let a Line, or Rule (equal to the whole Diſtance 
or the intended Kadius), upon which the Line of 
Numbers is to be graduated, be divided into 1000 
equal Parts; then with your Compaſſes take, 
from this Line of equal Parts, the Numbers ex- 
preſſing che Logarithms (to the firſt three Places 
of Decimals, omitting the Characteriſtics) of 101, 
102, 103, 104, Sc. progreſſively to 1000, and ap- 
p'y them ſucceſſively from 1 (the Beginning of the 

adius), and we ſhall thereby mark out all the 
Diviſions on the ſingle Radius D: But the moſt 
expeditious and exact Merhod of forming a Line 
of Numbers, is as follows. 

Open the Sector till the Diſtance of the two Braſs 
Pins on the Line of Lines (marked L. L.) be e- 
qual to the Length of the intended Radius: Place x 
(the Logarithm of which iso) at the Beginning of 
the Line, towards the Lefi-Hand; then, according 
as the Space between 1 and 2 is divided into 100 
or 50 Parts (as in the ſingle Radius marked D, or 
thoſe Radii marked A, B. &c.), take from the 
Sector, opened to the intended Radius, the Diſ- 
rances, or Numbers, anſwering to (at leaſt the three 
firſt Places of Decimals) the Logarichms of 1.01, 
1.02, 1.03, 1.04, Cc. to 2 (if the ſingle Ra- 
dius D); or thole of 1.02, 1.04, 1.06, 1.08, 
Sc. to 2 (if any of the Radii marked A, B, 
Sc.); then theſe Diſtances being ſucceſſively 5 

plied 
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ied from 1, along the Line D or A, will mark 
out all the Diviſions between 1 and 2 on thoſe 
Lines reſpectively, 

Now the Diſtance of the Diviſions 2 and 2, the 
fingle Radius (marked D), is divided into 5q 
Parts; but on thoſe Radii marked A, B, Sc. the 
ſaid Diſtance is divided into 20 Parts; therefore, 
for the former, take from the Sector, opened ſor 
the ſingle Radius, the Logarithms of 2.02, 2,04, 
2.06, 2.08, Sc. to 3; and for the latter, take 
from the Sector, opened tor the double Radius, 
the Logarithms of 2.05. 2.1, 2.15. 2.2, 2.25, 
Sc. to 3, and apply theſe Diſtances reſpectively 
from 1, along the Lines D and A, and we ſhall 
thereby obtain all the Diviſions between 2 and 3: 
Moreover, the Diſtance between 3 and 4, in each 
Radius on the Rule, is divided into 20 Parts; 
therefore take from the Sector (opened ro its pro- 
per Radius) the Logarithms of the Numbers 3.05, 
3.1, 3-15, 3-2, 3-25. &c. to 4, and apply them 
(as before) tram 1, along cither of the Lines D, A, 
or B, and they wil! point out all the Diviſions be- 
tween 3 and 4: By proceeding in this Manner the 
Diviſions between 4,5; 5, 6; 6,73 7,8; 8, 9z 
and q and 10, may be eaſily marked out. 

The Line marked E, conſiſting of three equal 
Radii, is conſtructed in the very ſame Manner as 
the above: For the Scctor being opened to one- 
third of the Extent of the fingle Radius D; take 
off the Logarichms of 1.05, 1.1, 1.15, Sc. to 
2, and apply thoſe Diſtances from 1, 10, or- 100 
in each Radius, and they will mark out all the Di- 
viſions between 1 and 2, 10 and 2, and 100 and 
2 : — Again, the Diſtance between 2 and 3 is 
divided into 20 Parts; proceed therefore accord- 
ing to the foregoing Directions, and we ſhall oh- 
ain all the Diviſions between thoſe two Numbers; 

F 
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and in like Manaer between 3, 4; 4, 5 and 5 
and 6, Sc. 

On the Line marked M. D, are al ſo placed Lines 
of Numbers, only they ſtand in an inverted Order, 
beginning at 21.5042 ; the laſt Diviſion on the 
Right-Hand will then repreſent. 215042 : The Uſe 
of this Line (MD). together with A and B (or N), 
is chiefly confined to the Gauging of Malt, in 
Veſſels in the Form of rectangular Parallelopipe- 
dons, at one Setting of the Rule; but the fame 
Examples may be performed, with more Eale ta 
a Learner, by the Lines A and B only ; or with 
the Lines D and C, after finding a Mean- 
Proportional between the Length and Breadth 
of the Be, | 

The Lines of Segments, marked S. S. and S. L. 
(ſignifying Segment Standing and Segment Lying ), 
are uſed in finding the Ullage of a Caſk, or the 
Quantity of Liquor which a Caſk wants of bein 
full, or what Quantity is in it, if not quite full. 

Theſe Lines of Segments may be laid down in 
the following Manner. Take a Caſk whoſe Con- 
tent is 100 Ale (or Wine) Gallons, and the neareſt 
in Form to thoſe which moſt frequently occur in 
Practice; then ſuppoſe the Bung-Diameter or 
Length (according to the Poſition of the Caſk) di- 
yided into 100 «qual Parts, which muſt be laid 
down on the Slide marked N, in a logarithmic 
Manner, by the Method already preſcribed, Page 
32. 

Draw out, and carefully meaſure, ſucceſlively, 
the Quantities contained in the 1ſt, 2a, 3d, 4th, 
and gth, c. of thoſe equal diviſions of the Bung- 
Diameter (or Length); then place the Quantity 
contained in the 1it, in the 2 firſt, 3 firſt, 4 firſt, 
Sc. of thole equal Diviſions exact againſt the 
Numbers 1, 2, 3, 4, Sc. reſpectively, * 

ide 
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Slide N; and ſo by proceeding in this Manner, 
we ſhall obtain th- true Quantity in ſuch Caſk 
to every hundredt! Part of its Bung-Diameter, or 
Length.—And if either of theſe were ſuppoſed to 
be divided into any other Number of equal Parts 
(beſides 100), and the Quantiti-cs contained in the 
firſt, 2 firſt, 3 firſt, &c. of thoſe equal Parts, be 
placed exactly oppoſice the Numbers, 1, 2, 3, 
Sc. reſpectively, on the Slide N; we ſhould there- 
by obtain a Table of Segments for a ſtanding (or 
lying) Caſk ſimilar to the former, | 

Whence the Reaſon of finding what is called the 
Segment, is very evident : For it is only conceiving 
the Bung- Diameter (or Length) of that Caſk, 
from which the Lines of Segments were ſuppoſed 
to be conſtructed, to be divided into as many equal 
Parts as there are Inches, Sc. in the Bung-Diame- 
ter (or Length) of the Caſk, whoſe Ullage we are 
then ſeeking, and placing that Number againſt 
100 on the Segments; then oppoſite any propoſed 
Number of wet Inches, Sc. (or equal Parts of 
the Bung-Diameter or Length) we ſhall have the 
Segment ſought. 

On various Parts of the Rule are ſeveral re- 
markable Points; ſome of which are diſtinguiſhed 
with Braſs Pins and Letters, others with only 
ſmal] Dots and Letters. 

Thus on the Line A there is marked MB, 
with a Braſs Pinat 2150.42, the cubic Inches in 
a Malt Buſhel; alſo on the ſame Line is fixed a 
Braſs Pin, with the Letter A at 282, the cubic 
Inches in the Ale Gallon. 

On the Line B is a ſmall Dot marked at .707, 
and alſo the Letters S. i. which ſignify Square in- 
feribed ; uſeful in finding the Side of a Square 
inſcribed in any given Circle: At .886 is a {mall 
Dot and likewiſe the Letters S. e. which denote 
F 2 Square 


— 1 Inn ery Wo — 


36 A TaZA TIE Stern. IV, 
Square equal; uſeful in finding the Side of a Square 
whole Area ſhall be equal to that of any given Cir- 
cle: At 3.1416 is a 1mall Dot marked C, figni- 
fying Circanference, neceſſary for finding the Cir- 
cumference of a Circle to any given Diameter. 
On the Lige D are placed ſeveral Gauge-pointsz 
diſtinguiſhed by Braſs Pins and Letters: Vix. 
W. G. with a Braſs Pin, is placed at 17.15, being 
the Wine Gauge point for Circles; and A. G. 
marked at 18.95, ſignifying the Ale Gauge- point 
for Circles, Sc. At 46.37 are the Letters M. S. 
which ſignify Malls Square, being the Malt Gauge- 
point for Square Meaſure: At 52.32 ſtand M. R. 
which denote Malt Round, being the Malt Gauge- 
int for circular Meaſure : Alſo, at 6.23 ftand 
P, which ſignify Tallow Pounds, being the neat 
Tallow Gauge-point for circular Figures. 
On the Slide C there is a ſmall wa with the 
Letters O.C. marked at .07957, which is the Area 
of a Circle whoſe Circumierence is Unity; uſeful 
in finding the Area in Inches, Feet, &c. of any 
Circle whoſe Circumference is known : On the 
ſame Line is marked O. d. at. 78 54, the Area of a 
Circle whoſe Diameter is Unity; this is uſeful in 
finding the Area in Inches, Feet, &c, of any Cirs 
cle whoſe Diameter is given; 


The Method of gſtimating the Values of 
the Diviſions on the S11DING-RuLE 3 


and the Uje thereof. 


' 7 Hatever Value is aſſigned to the firſt 1, to- 
wards the Left-Hand, (whether 1, 1c, 

100, Sc.) on the Lines marked A, B, N, Se. 
the following integral Numbers, 2, 3, 4, &c. 
will repreſent twice, thrice, four times, Sc. as 
much; 
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much; and conſequently the ſecond 1 (if a double 
Radius) will be 10 times the Value of the fiiſt; 
and the third 1 (if a triple Radius) will be 100 
times the Value of the firſt, or 10 times the Va- 
lue of the ſecond 1. The Values of the integral 
Diviſions being thus eſtimated, thoſe of the in- 
termediate Diviſions may be eaſily known; being 
always the Quotient expreſſed by the Value of the 
Difference of two adjoining integral Numbers, di- 
vided by the Number of Parts contained between 
them. 
Thus, for Example, if the firſt 1, at the End 
of the Line A (B or N), ſtands for one, the fol- 
lowing 2 for two, &c. then the Number of Divi- 
ſions between 1 and 2 being go, and the Value of 
the Difference of thoſe integral Diviſions 13 
therefore the Value of one of the intermediate Di- 
viſions is th; conſequently the Values of the iſt, 
2d, 2d, 4th, 5th, Sc. Diviſions from 1, will be 
expreſſed by 17, 14s 15%» 15% Is Cc. 
Again, the Space between the ſecond 1 and 2 
(whichNumbers, according to the laſt Eſtimation, 
repreſent 10 and 20) is alſo divided into 50 Parts; 
that is, firſt into 10 large Diviſions, and then each 
of thoſe into 5 Parts; then the Difference of the in- 
tegral Numbers(10 and 20)being 10; therefore the 
Value of one large Diviſion will , I or 75, (i. e. 
to divided by 10), and the Value of one ſmall 
Diviſion is 34 or; conſequently the Values of the 
1ſt, 2d, 3d, 4th, 5th, Sc. Diviſions from 10, 
will (in this Caſe) be expreſſed by 105, 104, 103, 
104, I1, Cc. Moreover, if the ſaid integral 
Numbers 1 and 2, denote 100 and 200; then the 
Value of one of the (ten) large Diviſions will be 
expreſſed by 10, or ; and the Value of one of 
the (fifty) ſmall Diviſions will be expreſſed by 2, 
or Y; therefore the Values of the iſt, 2d, zd, 


4th, 


Multiplication by the Liner A and B „ 07 


38 ITREATISE of Src. IV. 


4t „Sc. Diviſions f om 100, will be repreſented 
by 102, 04, 106, 108, Sc. — By the very ſame 
Mcche of proceeding, the Values of the inter- 
mediate D. viſions, between any two adjoining in- 
tegra Numbeis, n:ay be Known. 


the SLIDING-RULE. 


PROP. . 


To find the Product of two given Numbers, by the 
Sliding- Rule. 


Rl x. 


To either of the given Numbers (or Factors) on 
A, ſet 1 on B; then againſt the other on B, is 
the required product on A. 


EXAMPLE I. 


83 the Product of 3 by 8, by the Sliding - 
Rule 
Ser 7 on B, to 3 (or 8) on the Line A; then 
againſt 8 (or 3) on B, is 24 on A.“ | 
It may be proper to obſerve, that it will frequent- 
ly happen, when 1 cn h is let to either of the given 
Factors on A, the other cannot (according to the 
true Numeration of the Rule) be expreſſed on the 
Line B; or, being found thereon, it may perhaps 
fall 


9 


* By drawing out the Slide, till x on B is oppoſite to 3 on A, it is evident 
we thence obtain the Sum of the Diſtances x to 3 on A, and 1 to 8 onB: 
Nut theſe Diſtances art eſpectively as the Logarithms of 3 and 8 and it is 
well known that the Sum of the Logarithms of two Numbers will exprefs 
the Legarithm of their Product ; +,* the Sum of the. Diſtances, 1 to 3 on A, 
and 1 to 8 on B, will be as the Log, 3 + Log, 8 (Log. 3X 8) = Log. 24+ 
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fall beyond the Line A; in ſucn Jircumſtances it 
will be moſt convenient, after ſetting Unity on B 
to one of the given Factors on A, to divide the 
other by ſome Power of 10 | (viz. 10, 100, 
1000, Sc. till the Quotient can be found oppo- 
ſite tome Div:ſion or Product on A; then that 
Product, thus ariſing, muſt be multiphed by tae 
very ſame Power of jo as the given Factor was 
divided by, One Example will make this Obſer- 
vation ſufficiently plain. 


EXAMPLE 2. 


To find, by the Sliding-Rule, the Product of 
120 by 93. 

Firſt, it 1 on Bis ſet to 120 on A, * will the 
other Factor (9g) fall beyond the Line x: Again, 
if 1 on B is ſet to 95 on A, then the other Factor 
(120) cannot be fond on B; becauſe the greateſt 


Number (in a double Radius) cannot exceed 100, 


when the firſt Radius begins with Unity. 

But by ſetting 1 on B to either of the given 
Factors on A, and looking oppoſite tu of the 
other Factor (which in this Caſe is ſufficient), we 
ſhall have gth Part of the Product ſought. I lus, 
ſet 1 on Bro 120 on A; then agair.{t 9.5 on B, is 
1140 on A; which, being multiplied by 10, gives 
11400, the required Product. 

It 


| y, - F- 7 | mt * "7 * * mw - 


+ If the given Factors be called m and u, the Product of them r, and 
the Index of any Power of 10 be denoted by a; Then we ſhall have, 


3: un (or n „; "11m: — . —, (or 1: 
10 10 
m r m X Nn r 
1 1 —: — hence —— = 3 conſequently, —— * 194 
1s Io 10 ge | 10s | 
mYX 1X 194 


( = 


=mXn) S. QE. I. 


Ph 


40 ATRTATISE of Src. IV, 
It may be proper to obſerve, that whether one 
of the given Numbers be ſet to Unity on the Line 
A or the Line B, the other given Number (or Fac- 
tor) muſt be found on the lame Line where 1 (or 
Unity) was taken, | 


Dzvifion by the Lines A and B, on the 


SLIDING-RuLE, 


PR OP. 2. 


To find the Quotient of two given Numbers, by the 
$liding-Rule. | 


RU Lz. 


To the Diviſor on A, ſet 1 on B; then againſt 
che Dividend on A, is the Quotient on B. 


EXAMPLE 1. 


Let the Dividend be 73, and the Diviſor 5; re- 
quired the Quotient, 

Set 1 on B, to 5 on A; then againſt 75 on A, 
is 15 on the Line B, the Quotient fought. 

It will ſometimes happen, that, when x on B is 
ſet to the Diviſor on A, the Dividend cannot (ac- 
cording to the true Nymeration of the Rule) be 

found 


2 When the Slide is drawn out till x on B is oppoſite 5 (the Diviſor)on A, 
ve ſhall then get the Difference of the Diſtances of 1 to 5 on A, and alſo x 
to 75 on the Line A, but expreſſed on the Line B from z to 15. Now theſe 
Diſtances are reſpeRively as the Logarithms of 5, % and 15, and the Dif- 
ference of the Logarithms of two Numbers being equal to the Logarithm of 
their Quotient ; *.* the Difference of the Diſtances of 1 to 75 and 119 5 on 
A (= Log. 75 — Log. 5), will be as the Log, of 15 on g. N 


* 
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found on the Line A; therefore, in this Caſe ||, it 
will be neceſſary to divide the given Dividend by 
ſuch a Power of 10, as will bring the Quotient 
thereof upon the Line A; then againit this Quo- 
tient (viz. of the Divide::d divided by 10, 100, 
1000, Cc. / is a Number on B, which being mul- 
tiplied by the ſame Power of 10 as the given Di- 
vidend was divided by, we ſhall chen obtain the 
true Quotieat ſought. 


EXAMPLE 2. 


What is the Quotient of 385 divided by 7? 

To 7 on A, ſet 1 on B; then as 385 cannot be 
expreſſed on A, becaule the ſecond Radius, in this 
Caſe, ends with 100; therefore let the Number be 
divided by 10, then oppoſite 3.85 (the Quotient) 
on A, is 5.5 on B; which being multiplied by 
10 gives 55, the Quotient ſought, 

It is to be obſerved here, thar (whether the Di- 
viſor on A is ſet to 1 on B, or the Diviior on B is 
ſet to 1 on A) the Quotient mult always be found 
on the ſame Line where 1 was taken, and the Di. 
viſor and Dividend on the other. 


One Example in the Rule of Three will be ſuffi 
cient, ſince the Method of Operation by the Sli- 
ding-Rule is, very nearly, the ſame as in Mutcipli- 
cation ; the only Difference is, that inſtead of 
ſetting 1 on B, to one of the given Factors on A, 
we mult ſet the firſt pf the three given Terms on 


— 


— 


„ ä a 8 88 of = o 


— * 


Let m denote the Diviſor, n the Dividend, and le: he Quotient thereof 

rz; alſo let the Index of any Power of 10 be denutcd by a; Then n I 
n 7 ” mr „ 

i n οτ⏑ = — z; . = —, Of err. 


1 To 10 W QE. I. 
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B, to either the 2d or 3d given Number (or Term) 
on A; then againſt the other Number on B, we 
ſhall have the 4th Number, or anſwer ſought, on A. 


EXAMPLE 2. 


If 4 Yards of Cloth coſt 14 Shillings, what will 
28 Yards coſt, at the ſame Rate? 

Set 4 on B, to 14 on A; then oppoſite 28 on 
B, is 98 on A, the Anſwer ſought $. — Or, ſet 4 
on B, to 28 on A; then againſt 14 on B, is 98 on 
A, (or 4/. 185.) the ſame as before. 

If ir ſhould happen, when the firſt Term (or 
Number) on B, js ſet to the ſecond or third Num- 
ber pn A, that the other Number on B falls beyond 
the Stock, or the Line A; then, in ſuch Circum- 
ſtance, let that Number, which ſo falls off the Rule, 
be multiplied or divided (according as it falls off 
towards the Left or Right-Hand) by ſome Power 
of 10; and againſt the Product, or Quotient, on 
B, is a fourth Number on A, which being divided 
or multiplied by the ſame Power of 10 as the 
forementioned Number was multiplied or divided 
by; the Quotient, or Product, will be the 4th 
Number, or Anſwer ſought. 

| Note. 


— 
— 
—— — 


& By drawing out the Slide till 4 on B ſtands oppoſite 14 on A, we thence 
obtain, on the Line A, the Diſtance from 1 to 14, plus the Diſtance from x 
to 28, minus the Diſtance of 1 and 4 (on B); but theſe Diflances are reſ- 
pectively as the Logarithms of 14, 28, and 43. the Log. 14 ＋ Log, 28 


28X 14 
4 


— Log. 4 = Log. = Log. 98 on A. 


+ Let four proportional Numbers be repreſented by m, , ., andy; alſo 
let the Index of any Power of 10 be denoted by a: Then we havem: n :: 


1 (or m: n 7 mi n . 5 (or - 
: 17. 1 8H nr) n ::: — : —, (or nz: =—— 
0 _ if mr 

nen, Of 28 22 fe 

100 20% 304 


Moreover, 


Srer. VL. GAUGING. 43 


Note. It makes no Difference whether the firſt 
Number be taken on the Line A or B; only ob- 
ſerve, that the 4th Number, or Anſwer, muſt be 
found on the contrary Line to that, whereon the 
firſt Number was taken. — But, in finding the 
Areas of plane Figures in Ale Gallons, Malt 
Buſhels, Sc. (as will be ſhewn farther on), it will 
be found moſt convenient to take the firſt Num- 
ber viz. 282, 2150, on the Line A, as there 
are generally braſs Pins fixed at thoſe Numbers. 


To extract the Square Root, by the 


SLIDING-RULE. 


Set 10 on C to 10 on (the Stock) D; then a- 
ainſt any propoſed Number on C, is its Square 
oot on D. 

It will be proper to obſerve here, that if the 
Number, whoſe Square Root is required, conſiſts 
of an odd Number of integral Places, its Square 
Root will be found oppoſite the firſt Radius on 
the Line C : But if there be an even Number of 
Places, in the Number whoſe Square Root is 
ſought, then will that Root fall againſt the ſecond 
Radius on the Line CF. 


G 2 ExAurrz: 


Mereover, m;n 111 10 , X 10%; . „x Ilan = N 
100, conſequently zz = . Q. E. I, 


t The x at the End of the Line D, may denote either x, 10, 100, 1000, 
Sc. therefore the firſt x on C oppoſite thereto, muſt, by the Conſtruction of 


the Lines, fignify either 1 (1*), 100 ( ch), 10000 (100), c. and 
conſequently the ſecond 1 on C, will reprelent either 10, 100, 1000, Cc. 


* 
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EXAMPLE. 


What is the Square Root of 15376 

Let the Rule be ſet as above directed; then it is 
evident the firſt 1 on C will repreſent 10000, and 
the 1 on D(oppoſite thereto) is ĩts Root, which now 
repreſents 100; likewiſe 5000 will be repreſented 
by 5 of the large Diviſions on C, and 376 will, ve- 
ry nearly, be repreſented by 2 of the ſmall Divi- 
fions ; then againſt this Point on C, we have 124, 
on the Line D; the Root ſought. 


To extract the Cube Root, by the SLt- 


DING-RULE. 


Set 10 on (the Slide) D, to 1000 on E; then 
againſt any propoſed Number on E, is its Cube 
Root on D. 

It wil: allo be proper to obſerve here, that if the 
Number, whoſe Cube Root is ſought, conſiſts of 
either 1, 4, 7, 10, Cc. integral Places, its Cube 
Root will be obtained oppolite the firſt Radius on 
E; and if the Number contains either 2, 5, 8, 11, 
Sc. Places, its Cube Root will be found oppoſite 
the ſecond Radius on E; but the Cube Root of 
a Number, conſiſting of either 3, 6, 9, 12, Ce. 
Places, will be had oppoſite the third Radius on 
E. 7 


EXAMPLE.- 


” 1 — 
As * — LY 4 * a, W " 4a 1 — 


+ Tue x on (the Slide) D, may repreſent either x, 10, 100, 1000, Ss. 
and therefore the fit x on E, uill repreſent either 1 (13), 1000 (cs) 
10ccce0 7098 3), Sc. therefore the ſecond Radius on E muſt begin with. 


either 10, foo, I:ccooon, c. and conſequently the third Radius 
will begin with eitker 1co, 100000, I00ccocoo, Ec. Q. E, D. 
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EXAMPLE. 


What is the Cube Root of 3375 ? 

Set the Line D {on the Slide) exactly even with 
the Line E; then, againſt 3375 on the firſt Ra- 
dius on E, according to the preceding Obſe: va» 
tion, we have 15 on D, the required Root. 

The Lines C and D are likewiſe very uſeful 
in finding a Mcan-Proportional between any 
two givea Numbers; alſo in finding, from 
any three given Numbers, a fourth, which ſhall 
be to the third, as the Square of the ſecond is to 
the Square of the firſt Number; and therefore 
theſe Lines are applicable to the finding the Areas 
of Circles, (which are as the Squares ot their Dia- 
meters) and the Contents of ſuch Solids, where- 
of the Square of one Dimenſion, being multiplied 
into another Dimenſion, ſhall expreſs either the 
whole Content, {as in an upright {quare Priſm) 
or ſome Multiple of it, as a Qlinder, Cone, Sphere 
and Spheroid; and conſequently, theſe Lines may 
be applied in finding the correſponding Dimen- 
ſions of ſimilar Surfaces. 

The Lines D and E are neceſſary in finding, 
from any three given Numbers, a fourth Number, 
which ſhall be to the third, as the Cube of the 
ſecond is to the Cube of the firſt; and conſe- 
quently in determining the Contents of ſimilar 
Solids, which are in the direct Proportion of the 
Cubes of their correſponding Dimenſions; and 
likewiſe, on the contrary, in finding the correſ- 
ponding Dimenſions of ſimilar Solids. 


ProP. 3. 
To finda Mean- Proportional between two given 


Nambers , or, which 1s the ſame Thing, to ** 
Ihe 
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the Square Root of the Product of any two given 
Numbers. ; 


Ru L k. 


Set one of the given Numbers on C, to the like 
Number on D; then againſt the other given 
Number on C, is the Mean+ Proportional ſought 
on D. 


EXAMPLE: 


What is the Mean-Proportional between 4 
and 9 

Set 4 on C, to 4 on D; then againſt 9 on C, is 
6 on D, the Anſwer ſought. 


PR OP. 4. 


To find, to any three given Numbers, a fourth 
Number, which fhall be to the third, as the Square 
of the ſecond is to the Square of the firſt, | 


RuL x. 


To the firſt Number (or Root) on D, ſet the 
third on C; then againſt the ſecond Number (or 
Root) on D, is the fourth Number ſought on C. 


EXAMPLE . 


— 


t By placing 4 on C, to 4 on D, we get the Sum of the Diſtances from 1 to 
2 on the Line D, and alſo from 1 to g on the Line C; the former being 
the Diſtance of x to 4 on D, and the fatter (being on the double Radius) is 
the ſeme as x to 3, meaſured on the Line D; but theſe Diſtances are reſpec- 
_ tively as the Logarithms of 2 and 3; therefore the Log. 2 ＋ Log. 3 ( 


JL. 4+1L,g) Log. 4X9) = L2z. 6. 
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Suppoſe the given Numbers were 3, 9, and 12, 
and that it was required to find a fourth Number, 
which ſhall be in the ſame Proportion to 12, as the 
Square of 9 is to the Square of 3; that is, as 8x 
to 9. 

To 3 on D, ſet 12 on C; then againſt 9g on D, 
is 108 on C, the Anſwer ſought. 


EXAMPLE 2. 


If 3 Feet of cylindrical dried Oak, whoſe Cir- 
cumference is 32 Inches, weigh 80 Ib. what will 3 
Feet of the ſame Sort of Oak weigh, when the 
Circumference is 22 Inches ? 

The Altitudes of the two Cylinders being equal 
to each other, therefore their Solidities, and conſe- 
quently their Weights, muſt be to each other as 
the Areas of their Baſes z which are the Squares 
of their Diameters, or Circumferences. 

To 32 on D, ſet 80 Ib. on C; andagainſt 22 
on D, is 37.8 Ib. on C, the Weight ſought. 

It it ſhould happen, that, when the third Num- 
ber on C is ſet to the firſt Number on D (accord- 
ing to the foregoing Rule), the ſecond Number on 
D falls beyond the Slide, or Line C; then, in ſuch 
Caſe, we need only to multiply, or divide (accord. 
ing as it falls off the Rule towards the Left or Right- 
Hand) the ſaid ſecona Number (or Root) by ſuch 
a Number, that the Product, or Quotient, thereof 
may be found on D. oppoſite ſome Number on C; 
which Number being divided, or multiplied, by 
the Square of that Number, by which the ſecond 

was 
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was multiplied, or divided ; the Quotient, or Pro- 
duct, will be the Antwer ſought. 

Suppoſe, in the firſt of the two precedingExam- 
ples, the ſecond Number was 15, and the other 
two the ſame as before, — To 3 on D, ſet 12 on 
C; then againſt 7.5 (the Half of 15) on D, is 
75 on C, which being multiplied by 4 (the Square 
of 2) gives 300, the Anſwer ſought. | 

It will, in many Cafes, be moſt convenient to 
multiply, or divide, the ſecond Number by 10, and 
then find (as above directed) the Number on C, 
oppoſite that Product, or Quotient; which Num- 
ber being divided, or multiplied, by 100 (the 
Square of 10) gives the Anſwer ſought. 

The above Method renders the Buſineſs of find- 
ing what are called nem Gauge-points quite unne. 
ceſſary, as ſhall be explained farther on. 


PRO P. 5. 


Any three Numbers being given to find a fourth, ſa 
that the Square ther eof ſhall be to the Square of the 
third, as the ſecond Number is to the firſt, 


RuLe, 


8 


* > * LAY 4 ” —_ 


de 
Let the three given Numbers be noted by u, 1, and , and the Num- 
ber ſought by , and alſo that by which the ſecond Number is either 
multiplied or divided, be repreſented by d: Then, (by the Prep.) : n* 


21 1 v but a ; — x2 A alſo *: dn X du ti 1: dy; 


whence it is plain, that, when the ſecond Number C is only 2 the fourth 


Number (+) will then only be the d Part of that, when the ſecond Num- 
her is ; and likewiſe when the ſecond Number is = d x, the fourth 
Number, or Anſwer ſought, will then become d times bat, when the ſee 
cond Number is equal only a, Q. E. I. | 
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Ru L x. 


To the third Number (or Root) on D, ſet the 
firſt Nu ber on C; then againſt the ſecond on C, 
is the required fourth Number (or Root) on D. 


EXAMPLE I. 


Let the Side of a Triangle, whoſe Area is 15 
Gallons, be 40 Inches; what will be the correſ- 
ponding Side of another ſimilac Triangle, the Area 
of which is to bg 60 Gallons, 

Here the three given Numbers are 15, 60, and 
40: Therefore, according to the above Rul-, to 
40 on D, ſer 15 on C; then, againſt 60 on C, is 
80 on D, the required Side. 

If, when the Rule is ſet as above, the ſecond 
Number on C falls off the Line D; then let the 
third Number be multiplied, or divided, (according 
as the ſecond Number on C falls off 1owards the 
Left or Right-Hand), by ſuch a Number, thar, 
if to the Product, or Quotient, thereof, the firſt 
Number on C be ſet, the ſecond Number on C 
may fall oppoſite ſome Number on D; which be- 
ing divided, or multiplied, by that Number with 
which the third was multiplied, or divided; the 
Quotient, or Product will be the Anſwer ſought.“ 


H EXAMPLE 


_ —_ — — —ͤͤ 


Let every Thing be interpreted as in the preceeding Note. Then we have 
FS r 8 SE 

(by the Prop.) minnr* ; ; but yu wt — * 7 7 45 
likewiſe, mx = :: drXdr i dux du; .it is evident, that, when the 
thirs Number is only — (inſtead of 7), the fourth Number (@) will be on'y 
the dth Part of that when the third Number is : Moreover, when the third 


Number (r) is = dyer, the fourth Number (v will then be d times : 
when the third Number mm only Fo E. 5 2 * 
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EXAMPLE 2. 


Let the three given Numbers be 15, 90, and 
60; required to find a fourth Number, ſo that the 
Square thereof ſhall be to the Square of 60, as 90 
is to 15. 

To 60 on D, ſet (according to the preceding 
Rule) 150n C; then go on C, manife{ly, falls be- 
yond the Line D: But, if to 15 (+ of 60 the third 
Number) on D, be ſet 15 on C; then oppoſite ga 
on C, we have 36.75 (very nearly) on the Line D; 
which being multiplied by 4 gives 147, the re- 
quired Number, nearly — For J is to go, as 
3600 (the Square of 60) is to 21660 (the Square 
of 147), nearly, | | 


PR OP. 6. 


Let there be any three Numbers given to find a 
fourth, «which ſhall be to the third, as the Cube of 
the ſecond is to the Cube of the firſl Number. 


R U l. E. 


Set the firſt given Number (or Root) on the 
Slide D, to the third Number on E; then oppo- 
ſite the ſecond Number (or Root) on D, is the 
fourth Number required on E. 


EXAMPLE: 


Suppoſe the given Numbers to be 3, 6, and 18; 
it is required to find a fourth Number, which ſhall 
be to 18, as the Cube of 6 is to the Cube of 3; 
or as 216 to 27. 


Set 
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Set 3 on the Slide D, to 18 on E; then againſt 
6 on D, is 144 on E, the fourth Number ſought.“ 


FE 


Given any three Numbers to find a fourth, the 
Cube whereof ſhall be to the Cube of the third, as 
the ſecond Number is to the firſt. 


R-U L Bo 


Set the third Number (or Root) on the Slide D, 
to the firſt Number on E ; then oppoſite the ſecond 
on E, is the fourch Number {ought on D. 


E A Mu p 1. . 


Suppoſe, in the Fruſtum of a Cone, there are 
given the bottom Diameter 40, the top Diameter 
25, and the Altitude 30 Inches; it is required to 
find the Dimenſions of another ſimilar Fruſtum 
(that is, the Diameters and Altitude to remain in 
the above Proportion to one another), whoſe Con- 
tent ſhall exceed the former 30 Wine Gallons. 

The Content of the given Fruſtum (by the Me- 
thods given farther on) is 109.6 Wine Gallons; 
therefore the Content of the required ſimilar 

H 2 Fruſtum 


— 


It is evident, that, by ſetting 1 on D, to 18 on E, we ſhall obtain the 
Sum of the Diſtances x to 18 on E, and 1 to Gon the Line D; which laſt 
is equal to 3 times the Diſtance from 1 to 6 on E; but by moving the Slide 
{towards the Left-Hand) till 3 on Dis oppoſite 18 on E, we thereby diminiſh 
the Sum of the two ſaid Extenſions by the Diſtance of 1 to 4 on D (anfwering 
to 3 times the Diſtance from x to 3 on E), and moreover get theDiſtance from 
1 to 18 on E, plus 3 times the Diſtance from 1 to6 on E, minus 3 times the 
Diſtance from 1 to 3 on E: But, by the Conſtruction of the Lines, theſe 
Diſtances are reſpectively as the Log. of 18, 2 X Log. 6, and 3 Xx Lg. 3 
whence, by the Propertv of Logarithme, the Log. 18 + +4 & I -g. 6 

18% 6 3) 
X Log. 3 (=> = 144) = Leg. 144. 


[4 
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Fruſtum will be 1 59.6 Wine Gallons:==Then, by 
the p eceding Propoſition, the three given Num- 
bers ſtand chus: 

109.6, 159.6, 40, to find the bottom Diameter: 
104.6, 159.6, 25, to find the top Diameter. 
10946, 159.6, zo, to find the Altitude. 

Ser 40 on the Slide D, to 109.6 on E; then 
againſt 159.6 on E, is 45.3 on D, nearly :-— Set 
25 on D, to 109 6 0n E; then oppoſite 159.6 on 
E, is 28.4 on D, nearly : — Laſtly, ſet 30 on D, 
to 109.6 on E; then againſt 159.6 on E, is 34 
on D, nearly. 

Hence the required Dimenſions are 45.3 for the 

bottom Diameter; 28.4 for the top Diameter; and 
34 Inches for the Altitude, near /y. 
It may be proper to take Notice, that what has 
been already ſaid (Prop. 4.) with Ryſpect to the ſe- 
cond Number falling off the Line C, holds equally 
good with Regard to the Lines D and E; only 
obſerve, here, to multiply, or divide, by the Cube 
(inſtead of the Square) of that Number by which 
the ſecond was divided, or multiplied, 


SECTION 
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SECTION V. 


Or GEOMUETRICALDEFINITIONS 
of Lines, Angles, Surfaces, and 
Holds, 


DzF1iN1IT1IONS 
Of Lines and Angles. 


1. A Lineis Diſtance, or Length without Breadth 
the Extremes, Bounds, or Limits of 
which are called Points. 
Therefore, 
2. A Mathematical Point has no Parts. 
3-ARight-line (or Straight - 
line) is that which lies perfect- A —} 
ly even between its Extremes 
or Limits, as AB. 
4. A Curved-lineis that 
which, in every Partthere- x LY” OE 
of, lies unevenly between 6 
its Extremes or Bounds, 
as ab. 
5. A Right-lined Angle is that 
which is. formed by the Inclina- 
tion of two Right-lines, meet- 
ing each other in a Point, as 7 


* * 
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6. There are three Sorts of 
right-lined Angles. I. 
When one Right-line AB 
ſtands any-where upon ano- 
ther CD, ſo as to incline no 
more towards one End than C__ B T 
the other, making the Angles on both Sides AB 
equal, then thoſe Angles are called Right-angles ; 
and the two Right-lines, AB and CD, are then 
ſaid to be perpendicular to each other, — 2. When 
the Angle (EBD) is greater than a Right-angle 
(ABD), it is called an Ob tuſe- angle. — 3. If the 
Angle (EBC) is leſs than a Right-angle (ABC), it 
is called an Acute- angle. | 

Note. When an Angle is denoted by three Let- 
ters (as ABC), that in the Middle ſtands at the an- 
oular Point, and the other two ſtand at the Ex- 
tremities of the Lines which form the Angle: 
Thus, in the preceding Definition, the Letter B 
is the angular Point of the Right, Obtuſe, and the 
Acute-angles, thete ſpecified. 


7. TwoRight-lines AC, E & H F 
EF are ſaid to be paral- 
lel, or equidiſtant, when 
Lines BG, IH drawn any — 


where perpendicular to one 
of them AC, and terminating at the other EF, 


are equal to each other. 
Of Planes, or Surfaces. 


8. A Figure is the Form of either a Surface 
(viz. a Superficies), or a Solid. 

9. A Plane-ſurface is any Figure which lies even- 
ly between its Extremes, or Bounds ; and if thoſe 
Extremes, or Bounds, are Right-lines, the Figure 
is called a Recłilineal (or Right=lined) Plane; but if 

| the 
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the Extremes, or Bounds, of a Plane are crooked 
or Curve- lined, the Figure is then called a Curvili- 
neal Surface, or Plane. 

10. Every plane Figure, or Superficies, bound- 
ed by chree Right- lines, is called a Right-lined Tri- 
angle. 

11. A Rigbt-angled Triangle C 
ABC is that which has one 
Right-angie ; the Sides AB, 
BC containing the Right- 
angle, are cailed the Legs, 
and the Side AC, oppolite A B 
the Right-angle, is called the Hydotbenuſe. 

12. When the three Angles are all acute, it is 
called an Acute-angled Triangle; but if one Angle 


is obtuſe, the Figure is then called an Ob:uſe-angled 
Triangle, 


CT 
13. An Equiateral Triangle ABC 
has all its Sides equal. | Z 
| AS N 
14. An Iſaſceles Triangle bcd C 


has two of its Sides equal; and 
when the three Sides are all un- 23 
equal, the Figure is called a / d. 


Scalene Triangle. 

15. Every plane Figure, 
or Surface, bounded by four 
Right- lines, is called a Qua- D 
drilateral; Whereot, thoſe / 

(ABCD) whoſeoppoſite Sides 
are parallel, are called Paral- A —_ 
lelograms ; and thoſe (EFG 
H) whole oppoſite Sides II G 
are parallel, and all the 
Angles right-ones, are call- 
ad Rectangles, or Rectangular 1 1 
| Parallelograms ; 
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Parallelograms; and if the 7 4 
Sides, as well asthe Angles, are 87 

all equal, the Figure (abdf) is 
called a Sguare: - When the 
Sides are all equal, and only 


the oppoſite Angles equal, d. | 5 
the Figure (cegh) is called a 4 | 
Rhombus, 7 


3 —7 

16. Every other plane Figure, bounded by four 
Rignt- lines, is called a Trapezium. 

17. Any plane Figure, or Su— D 

rficies, bounded by more tnan 
tour Right-lines, is called a Po- E C 
lygon ; and is named according to 
the Number of Sides it contains: 

T hus, if it has five Sides (ABC A B 
DE) it is called a Pentagon ; it 

ſix Sides, a Hexagon; if jeven, a Heptagon; if 
eight an O#agon, &c, If all the Sides and 
Angles are equal, as in the Figure ABCDE, it is 
called a regular Polygon; if otherwile, it is called 
an trregular Polygon. 

18. ACircle is a plane 2 
Figure, bounded by one Do 
continued Line called the ? | 

 Circumference, or Periphery; 
every Part of which is e- 
qually diſtant from a Point 
within the Citcle called 
is Center; from which, X 
any Right-line (CA, CD, Sc.) drawn to the Cir- 
cumference, is called the Radius, or Semi diameter 
of the Circle; any Rigkt-line AB drawn through 
| | the 
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the Ce» terminating each Way at the Circum 
ference, is called a Diameter; a Right- line DG 
leſs than he Iameter, mcenng the Circumiorence 
in two Points, is calied a Chord, or Subtenſe; and 
the perpendicular D ſtance rs, from the Middle 
of the Chord to the Circumference, is called a 
Ver ſed Sine. 8 

19 A Segment of a Circle DrG is a Figure 
bounded by a Part of the Circumterence, and its 
Chord DG; when this laſt is equal to the Diame- 
ter of the Circle, the Figure is called a Semi-circle, 
as ADrGB. 

20. A Sector of a Circle DrGC is a Figure con- 
tained by an Arch (or Arc) thereof, and two Semi- 
diameters; when theſe two form a Right- angle, or 
the Arc becomes 4th of the Circumference, the 
Figure is called a Quadrant, as ADrC (or CrGB, 
ſee the laſt Fig). 

21. The Circumference of every Circle is ſup- 
poſed to be divided into 360 equal Parts, called 
Degrees, each Degree into 60 equal Parts, called 
Minutes, and each Minute into 60 equal Parts, 
called Seconds, &c. 

22. Every plane Angle DCG (fee the preceding 
Figure) is meaſured by an Arch of a Circle, con- 
tained between the two Lines which form the An- 
ge, and deſcribed upon the angular Point as a 

enter; and the Quantity of the Angle is eſti- 
mated from the Number of Degrees and Minutes, 
Sc. which the ſaid Arch contains. 


Or So 1I5DS. 


23. A Solid is that which has three Dimenſions, 
diz. Length, Breadth, and Thickneſs > — The Fi- 
gure of a Solid may be conceived to be generated 
cather by the Motion of ET (or Surtzce) in 

| ums 
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ſome certain Direction, or by the Revolution of a 
Plane round ſome Line as an Axis. | 

24. The Bounds, or Extremes, of a Solid are 
either plane or curved Surfaces. 

25. A Priſm is a Solid, whoſe two Ends are pa- 
rallel Planes, of any rectilineal Form whatever; 
the Planes of the Sides of this Solid are Parallelo- 
grams; when theſe ſtand perpendicular to the Plane 
of the Baſe, the Figure is called an Upright Priſm ; 
when they ſtand otherwiſe to the Bale, the Figure 
is called an O3lique Priſm; if the two Ends are Pa- 
rallelograms, the Solid (being then contained under 
ſix Parallelograms) is called a Parallelopipedon; if 
the ſix bounding Planes are all Rectangles, the 
Solid is called a ReFangular Parallelopipedon; and 
when the fix bounding Planes are all Squares, the 
Solid is then called a Cube. 

26. A linder is a Solid, 
whoſe two Ends are equal and 
parallel Circles: This Solid 
may be conceived to be formed, 
or generated, either by the Ro- 
tation of a Rectangle ABED 
about one of its Sides DE as 
an Axis; or by the Motion of a 
Circle CBA, in a Direction mx 
perpendicular to itſelf, to any G 
aſſigned Altitude DE: This is 
called a Right Cylinder, But if n 
the Circle be ſuppoſed to move parallel to itſelf, 
in any other rectilineal Direction, it will thereby 
generate an inclined Cylinder ;but this Solid never 
occurs in the Subject of Gauging. 

If the two equal Ends of the Solid are (inſtead 
of Circles) of any curvilineal Form whatever, it 
is in general called a Cylindroid; and is farther 
diſtinguiſhed according to the Figure of its Baſes : 
Thus, it the two Ends were two equa!, ſimilar, 

| and 
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and ſimilarly poſited Ellipſes; that is, the Tranſ- 
verſe and Conjugate Axes of each End, reſpective- 
ly parallel to each otber; the Solid is then called 
an Elliptical Cylindroid, &c. 

27. A Pyramid is a Solid, whereof the Baſe is 
any right-lined Plane whatever ; the Sides of this 
Solid are — Triangles, whoſe vertical Angles 
(i. e. thoſe oppoſite the Perimeter of the Baſe) all 


meet together in a Point above the Baſe, called 


the Vertex of the Pyramid. 

28. A Sphere is a Solid, generated by a Semi- 
circle revolving about its Diameter as an Axis. 

29. A FSpheroid is 
a Solid, generated 
by the Rotation of 
a Semi-ellipſis a- 
bout its Diameter 
as an Axis; if the 
Rotation be about 
the Tranſverſe Axis 
AB, the generated Solid AC BD, is called an Oblong 
Spheroid ; but if the Solid be generated about the 
Conjugate Axis CD, it is called an Oblate Spheroid. 

Note. The former of the two laſt mentioned So- 
lids, is only applicable to the preſent Subjett : Every 


Spheroidical Caſk, that occurs in Practice, reſembles 


the middle Fruſtum of ſuch a Solid. 
30. A Parabolic Spin- R 

dle is a Solid PRSR, e 

generated by the Ro- }) 

tation of a Parabola 

PRS about its Or- Gee, 

dinate PS: But if the N 

parabolic Space RmS (RP) was to revolve about 

its Axis Rn, it would thereby generate a Solid, 

called a Parabolic Conoid. 


12 . 


5 — a 
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31. An FHyperbolic „8 

Spindle is a Solid EG ZZ Frm 

I. G, generated by the > 

Rotation of an Hy- 


perbola EG L about LP 
its Ordinate EL: But Wnt) 
when the hyperbolic Space GnL (GnE) revolves 
about its Axis Gn, it thereby generates the Re- 
ſemblance of a Solid, called an Hyperbolic Conoid. 
32. The Middle PFruſtum of a Spheroid 
DbhaCaf (fre Fig. to Defin. 29.) is what remains 
after two equal Parts are cut off, by Planes per- 
pendicular to the Tranſverſe Axis: The Parts ſo 
cut off, as AabandBdf, are called Segments of the 
Spheroid. The Fruſtum of a Cone,* is what re- 
mains after a Part is cut off next the Vertex, by a 
Plane parallel to the Baſe of the Cone. 
Note. The latter Part of this Definition ex- 
tends, with equal Force, to the Fruſtums of Pyramids, 
Parabolic or Hyperbolic Conoids, and Spindles. 


— * 


See the Definition of a Cone in the following Page. 
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SECTION VI. 


Or THE DEFINITIONS, AND SOME OF 
THE PRINCIPAL PROPERTIES OF 
Conic SECT IGNS. | | 


Dal nix 


1. TIN an indefinite 
Right-line Q R, 
conceivean immoveable 
(or fixed) Point P; upon 
which, as a Center, let 
the ſaid Line be moved 
Juſt, round, continually 
touching the Circumfe- 
rence of a Circle DAIC, 
placed in any Poſition 
(except in that of a Plane 
paſſing through the ſaid 
fixed Point); then that 
Part of the Line inter- 
cepted between the fixed 
Point and the Periphery 
of the Circle, will (by 
its Rotation) generate 
the convex Superficies 
of a Figure calleda Cone: 
If the Axis PE, or the 
Line joining the fixed 
Point and the Center of Amm 
the Circle, be perpendi- G 
cular to the Plane thereof, 


the 
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the Superficies then deſcribed, will be that of 
a right Cone, as DPI; otherwiſe it will be an 
oblique or ſcalene Cone, as GPL. 

2. The Line PQ (Fig. I.) on the contrary Side 
of the fixed Point P, will alſo generate the convex 
Surface of another ſimilar Cone; and theſe toge- 
ther are called Oppyite Cones. 

3. If a right Cone DPI be cut into two equal 
Parts, by a Plane perpendicular to that of the 
Baſe ; the Figure of the Section will be a right- 
lined i/oſceles Triangle. 

4. It a Cone be cut into two Parts, by a Plane 
parallel to the Baſe, the Figure of the Section will 
be a Circle. | 

5. If a Cone DCE be 0 
cut by a Plane, paſſing 
through any Point B in the 
Side CE, in any Direction 
(except parallel to the Baſe 
DE) ſo as to cut the other 
Side CD (or CD produ- 
ced); the Figure of the A, 
Section, formed thereby, 
will be an Ellipfis (or a P 
Segment thereof). 

6. If two Lines be drawn in this Figure perpen- 
dicular to, and biſecting each other, and each ter- 
minating both Ways at the Periphery of the El- 
lipſis; the longeſt Line AB is called the Tranſver/e 
Diameter (or Tranſverſe Axis), and the ſhorteſt ab, 
is called the Conjugate Diameter (or Conjugate Axis) ; 
the Point (c) of Interſection of theſe two Lines, is 
the Center of the Ellipſis. 

7. A Right-line n drawn perpendicular to 
either Diameter, terminating both Ways at the 
Periphery of the Ellipſis, is called an Ordinate to 
that Axis which it interſects; and the Diſtance vB 

(vA, 


(vA, mb or ma) in the Axis, from the Ordinate to 
the Vertex B (A, à or 5, is called an Ab/ciſſa. 

8. If a Cone FHI be cut H 
into two Parts, by a Plane, 

in a Direction parallel to the 
Nant Side thereof ; the Fi- 
gure of the Section aVav is 
called a Parabola. 

9. The Right-line Vv 
drawn from the Vertex V, FA 
parallel to the ſlant Side of the 
Cone, dividing the Area of the parabolic Section 
into two equal Parts, is called the Axis of the Pa- 
rabola; any determinate Part from the Vertex V 
(as Vm) is called the Abſciſſa; and any Right- line 
mr drawn .I to the Axis Vo, termi- 
nating at the Curve, is ealled an Ordinate. . 

10. If a Cone ABC 
be cut into two Parts 
by a Plane, which, be- 
ing continued, would 
alſo cut the oppoſite 
Cone aBõ; the Figure 
of the Section Reg is 
called an Hyperbola : 
The Diſtance DR, in- 
tercepted between the 
two oppoſite Cones, is called the Tranſverſe Diame- 


ter (or Axis), and the Diſtance Bm is called the 
| Semi.” 85 


+ Though an Ordinate, ſtrictly ſpeakinę, is that Line in a Conic Section, 
which is biſected by the Axis (or Diameter), terminating each Way at the 
Curve ; yet Geometricians frequently call the Half of this Line (or the 
Diſtance from the Curve to the Axis, or Diameter) the Ordinate: For the 
general Property of the Curve is the very fame in both Caſes ; becauſe the 
Squares (or any Power or Multiple) of the Wholes, are in the ſame Ratie, 
4s the Squares (or the ſame Power or Multipic) of their Halves, 
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 Semn-conjugate Diameter (or Axis): Moreover, 
the Right-line cd, drawn from any Point c 
in the Curve, parallel to the Semi-conjugate Dia- 
meter, is called an Ordinate; and the Diſtance Rad, 
intercepted between that Ordinate and the Vertex, 
is called an Ab/ciſſa. | | 

Note. If the Diameter of the Baſe be double 
the Altitude of the Cone; or, which comes to the 
ſame Thing, if ABC is a Right-angle, the Section, 
formed as above, is then called an Equilateral 
Hyperbola, and the two Diameters DR and twice 
Bm become equal to each other. 


Tho L 


The general Property of every Ellipfis will be, as 
the Square of the Conjugate Diameter a b, is to the 
Square of the Tranſverſe AB; ſo is the Square of the 
Ordinate vn, to the Rectangle of the Abſciſſas Av 
and Bu; (ſee Fig III. of the precefding Defini- 
tions): And alſo, as the Square of the Tranſverſe 
AB, is to the Square of the Conjugate Diameter ab; 
fo is the Square of the Ordinate mn, io the Rectangle 
of rhe Abſciſſas am and bm. f 

* PRor. 


+ Let DE (Fig. I. in the Plate) be the T ranſyerſe, and TH the Conjugate 
Diameter of an Ellipfis ; through the Center M, and alſo the Point of Inter- 
ſection (m) of the Ordinate (D) with the Tranſverſe Diameter, draw RS 
and GK, each parallel to the Diameter of the Cone's Baſe.: Then (ſuppoſing 
ACE to be the Plane paſſing through the Vertex and the Center of the Baſe 
of the Cone), by ſimilar Triangles, DM: RM :: Dm : Gm; again, by 
ſimilar Triangles, EM : SM :: Em : Km; whence, by multiplying the 
Antecedents and Conſequents of both Proportions by each other, we get 
DMxXEM : RMYxXSM :: Dy x Em : GmxKm; but, by the Property 
of the Circle, RM x SM==MH?, and alſo G Ken D; DM xx 
EM: MHz? :: Um x Em : bm ; but DM= EM; HM? : DMz 
(EM?) :: n: Dy x En; or, which is the ſame Thing, THz (4 x MH? )* 
DE? (4X DM?) :: nz: D x ER. Q. E. D. 

Draw 
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The general Preperty of every conic Parabola (ſee 
Fig. IV. of the folegoing Def.) ci be, that the 
Squares of any two Crdinates, r m and av, are 10 
each other as their correſponding Avſciſſas Vm and 
Vo. T 


P +0 HE 


' The general Property of the Iyperb:la (lee Fig. V. 
of the laſt Def. ) will be, as the Square of any Ordi- 
nate d c, to the Tranſverſe Diameter DR, ts to the 
Rectangle contained under the correſponding Abſciſſa 
Rad, and the Sum of that Abſciſſa and the Tranſvei ſe 
Diameter, viz. Dd; ſo is the Square of tte Conjugate 
Diameter twice Bm, to the Square of the Tranj- 
verſe DR. 4 

K The 


— 


Draw the Ordinate bn; then, by the laſt Proportion, we have bm? : 


EM?—Mm? (EM Z —brn?, or EMM Xx EM(ML)—imn) :: THz: PE, 


that is, Bm X DE*==E M2 — L Xx TH, or bn* xðI THz = EM? xe TH 
—bm* x DEZ; but EM? x TIHIZ—Nν x DE*=gEM? x ITM — 47205172) 


X DE* (or 4DM?) ; whence bn* x TH? = M* — Mz* X 4EMZ (= 


TMM Xx TM (MH) -M- X 4EM?); that is, TH? : DE* (4EM?) 
2: TMZ -M (Tax Ha) : nz. Q. K. D. 

+ Draw DNG (Fig. II. in the Plate) parallel to the Diameter FI; then the 
Triangles vVI and VG are ſimilar, and.“ Vo: vl:: AV: ; er 
VoxmG=VmXxul; but, becauſe Dm = Fo, VoxnGx Dnrz=zVauaxul 
x Fo; and by the Property of the Circle, nG x Di == , and alſo 
vx FuzzvaZ; which being ſubſtituted ahove, we get VoXar®*=Vmx 
wva* ; that is, Vu : Vn :: va:; mr. Q. E. D. 

t Let Dra be parallel to Bey the Axis of the Cane, through ra the Axis 
of the Section, draw Madl Fi III.) parallel to the Semi- conjugate By, and 
alſo let the Ordinate cc (lying in the ſame Plane with Mal] be daun: 
Then, by ſimilar Triangles, Dn : Bn :: Dd : Id; again, by fimilac 
- Triangles, ar 1 By :: dr : dM; . Dax : B:: Ddx d. : lax dM; 
but D r; „r: Ha :: Ddr: Idx AM; mcreover, by the 
Property of the Circle, cd Id x AM; whence we have ne* ; BAA 23 


| Dag eh, or Dr? (4a) : A (4Bnt) :: Dd x & : c 
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The foregoing Definitions and Properties of the 
Sections of a Cone art abſolutely neceſſary to be 
well underſtood by every practical Gauger, who 
would clearly apprehend what is meant by the 
Words, Ellipfhs, Parabola, and Hyper bola; and 
alſo by the Solids, Which may be conceived to be 
generated by the Rotation of thoſe Curves about 
their Diameters, or Ordinates : Such as the Sphe- 
roid, Parabolic Spindle; and Hvperbolic Spinale, 
Gc. from whence the three Varictics of Caſks are 
formed, b 


SECTION VII. 


Or THE MEASURE or PLANE FIGURES; 
or of finding their Areas* in Ale and 
Wl ine Gallons, and Malt Buſhels. 


* HE Area, or Meaſure, of any plane Sur- 
tace, Geometrically conſidered, is the whole 

Space contained under the Bounds of the Figure, 
without any Regard to Thickneſs ; as in the Men- 
ſuration of Land, Painter's Werk, Sc. This 
Area, or ſuperficial Content of the Space, is com- 
puted from another Space of a determinate Form 
and Magnitude ; that is, from a Square whole Side 
is one Inch, Feet, Yard, &c. called the meaſuring 
Unit ; and the Number of ſuch Squares or Units, 
(and Parts of an Unit), that are contained in any 
plane Figure, is called the Content, or Meaſure, of 
that Figure. But, in the Subject of Gauging, 
where the meaſuring Unit is one Ale or Wine Gal- 
lon, or Malt Buſhel, it will be moſt commodious, 
in 
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in Order ro expreſs the Area of a plane Figure in 
ſuch Denominations, to conſider the Plane (or ra- 
ther di to be juſt one Inch thick; by which 
Mears, if the Number that exp eſies the ſquare 
Incies contained in any plane Figure, be divided 
by the Number expreſſing the cubic Inches in the 
Ac or Wine Gailon, or Malt Buſhel, we ſhall ob- 
tain the Area, or the Content of the Figure, in 
thoſe Denominations. 

Though it is ſaid (above), that any plane Fi- 
gure will contain a Number of little equal Squares, 
yet it is not to be underſtood that all plane Figures 
can be formed with a Number of fuch Squares ; 
but becaule a Square (which can be ſo formed) may 
be found, whole Area ſhall be exactly (or nearly) 
equal to that of any plane Figure whatever. 

The very ſame is to be oblerved, with Reſpect 
to every ſolid Figure except a Cube, or a rectan- 
gular Parallelopipedon) not being formed with a 
Number ot little equal Cubes. 

Note. A Gallon of Ale, (Beer, or Vinegar) 
contains 282 cubic Inches. | 

A Galion ot Wine {(Stoeets, Cyder, Perry, Ver- 
Juice, Waſh, Low-l ines, Spirits, c.) contains 231 
cubic Inches. x 

A Wincheſter Buſhel of Malt contains 2 150. 42 
cubic Inches. | 


q g Gall. 
| cer} F 36leach Gals 
In 1 Barrel, Londen Ale Fare 22 Aon 282 
Country Beer & Alc 24 1lcubic In- 
[ Vinegar 34 j ches. 
I Barrel of Sweets 31; Wine 
{ Mea!ure, 
n. 


To find the Area of any plane Triangle in Ale and 
Wine Gallons, and Malt Buſbels. 


K 2 RLE. 
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From any one of the given Angles let fall a 
Perpendicular upon the Side oppoſite (produced if 
needful); multiply this Side, taken in Inches, by 
halt the Perpendicular, taken in the ſame Mea- 
ſure, the Product will be the Area of the Triangle 
in {quare Inches ; which being divided by 282 for 
Ale, 231 for Wine Gallons, and by 2150.42 for 
Malt Buſhels, the Quotient will be the required 
Area of the Triangle. 

Note. The Meaſure, or ſuperficial Content, of 
any plane Triangle is likewiſe obtained, by multi- 
piying the whole Perpendicular by half the Baſe; 
or by taking half the Product contained under the 
hole Batc and Perpendicular. 


EXAMPLE. 


The Baſe AC of the 
FTriaggle ABC (or AEC) 
is 84, and the Perpendi- 5 
cular BD (or EF) is 36 N 
Inches; required the A- 
rea in Ale Gallons, Sc. 


OPER ATION. 


Baſe AC 84 
2 Perp. BD. Et)28 


* 34 od J 


672 
168 


Product 2352, the Area of the Triangle ABC 
(AEC) in Inches. 
| 282) 
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282\2352.00({8.34, the Area in Ale Gallons: 
231)2352.00(10.18, the Area in Wine Gal- 
ons. 


2150.42) 2 332. 0001. og, the Area in Malt Buſhels. 
By the Sliding-Rule. 


282 on A, ſet 28 (or 84) on B; then 
T0 <:; 231 Er. 84 (or 28) on the firſt 
2150.42 ) Radius on A, is the above Areas 

| reſpectively on B.“ 

Note. The above Areas may be obtained by 
the Lines D and C, but not without extracting the 
Square Root, which would render the Operation 
more troubleſome than that above exhibited, by 
the Lines A and B. 


A 
To find the Area of a Square afdb in Ale and 
ine Gallons, and Malt Buſbels. (See Defin. 15, 
F. 561 | 


RuLr. 


It is evident that the CharaQteriſtics (or Indices) in Logarithms, anſwer 
to the Number of Radii of the Rule; that is, any Number greater than 1 
and leſs than 10, where the Characteriſtie is o, is found on the firſt Ra- 
dius ; hikewiſe any Number greater than 10 and leſs than 100, the Cha- 
racteriſtie being = 1, muſt be found (according to the true Numeration of 
the Lines) on the ſecond Radius, &c, For the Logerithm of any Number is 
the very ſame 4s the Log.of 10, 100, 1000, Ec. times that Number, 
except in the CharaQteriſtics, which are = the Exponents of the Powers of 
10: Therefore, in the preceding Example, the Log. 2.8 + Log. 8.4— 
Log 2.92 (Log. 28 + Log, $4 — Log. 282) = Leg. 8 24: Whence it 
appears, that by ſetting 2.8 on E to 1 on A, we ſhall get the Diſtance from x 
028 on B, and from 1 to 3.4 on A in'one Sum, meaſured on the Slide B; 
but this Diſtance muſt evicently be diminiſhed by that denoting the Log. of 
2-92 3 to effect which, move the Slide towards the Right-Hand, till 2.8 on 
B, ſtands oppoſite 2. 32 on A; then againſt 8.4 on A, is 8.34 on B; the 
ſame 28 before. | . 
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RULE. 
Multiply the Side of the Square by itſelf, and 


divide the Product by 282 for Ale, 231 for Wine 
Gailons, and by 2150.42 for Malt Buſhels; or 


(which will be exact enough in Practice) by 2150, 


EXAMPLE 


The Side of the Square afdb being go Inches 
required its Area in Ale Gallons, Ec. 


OPERATION, 


50 
50 


Product 2500 the Area in Inches: Then 
282) 2500. 00 8.86, the Area in Ale Gallons, 
231) 2300. 00010. 82, the Area in Wine Gallons, 
2130) 2 00. 00, 1. 16, the Area in Malt Buſhels, 


— (— 


By the Sliding-Rule, 


16.79 
To 4 15.19 >onD, ſet 1 on C; then oppoſite 30 
46.27 


8.86) 
on D, is J 10.82 Son C; the ſame as above. 
1.16 


Otherwiſe, by the Sliding-Rule. 


28 2 
To | 231 > on A, ſet 30 on B; then againſt 30 
2150 | 

on A, is the above Areas reſpectively on B. 
PRop. 
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r 


To determine the Area of a Rhombus in Ale and 
Wine Gallons, and Malt Bufhels. 


R GU 1 F. 


Multiply the two Diagonals together: Half 
that Product divide by 282 for Ale, 231 for Wine 


Gallons, and 2150 for Malt Buſhels. py 
ES 


"EXAMPLE. 


Suppoſe the Diagonal 
ED 120, and AC 200 
Inches; required the Area 
of the Rhombus in Ale A” — 2 
Gallons, Cc. 


OPERATION, 


I20 
200 


The Product of the Diag. 24000 


— 


Half the Product is 12000 equal to the Area 


(in Inches. 
282) 


ll n 


* By Reaſon of the equal and parallel Lines, it is plain (Fu. 8. & 29. 1.) 
that the oppoſite Angles are all biſecteo by the Diagonals; conſequently the 
Rhombus (ſee the above Fig. ) is evidently divided (by the Diagonals) into 
four right-angled Triangles, ſimilar and equal in every Reſpect; the Area 


of any one of which will be expreſſed by AB =D, or . . 


SY 
conſequently the Area of the whole Rhombus = . d. l. p. 
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282)12000.00(42.55 equal to the Area in Ale 
[ Gallons, 

231) 1 2000. 003 1. 94 = the Area in Wine Gal- 

__ Flons. 

2150)12000.00(5.58 = the Area in Malt Buſhels. 


By the Sliding- Rule, 


282 | 
To 4 231 > on A, ſet1200nB; thenagainſt 100 


2150 
42.55 a 
on A, we have 51.94 the required Areas on B; 
| 5.58) 


the ſame as above. 


It may not be amiſs to obſerve here, that by ſet- 
ting one of the Dimenſions on B, to 2150 on A, 
the other Dimenſion cannot be found on the Line 
A; unleſs the Rule conſiſts of more than two Ra- 
dius's, or the ſaid Dimenſion is equal to, or great- 
er than 100: We muſt therefore, in ſuch Caſes, 
Shave Recourſe to the Method already delivered in 
Page 42. 


r IV. 


To find the Area of a Parallelogram in Ale and 
Mine Gallons, and Malt Buſbels. 


Nrn. 
If itisareZangular Pa- A | * 
rallelogram, as ABCD: | 
Multiply the longeſtSide S 
by the ſhorteſt; it other- B TOO — 0 


wiſe, as abed (called by 
ſome a Rhomboides) ; then multiply the longeſtSide 
hc, 
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bc, by the Perpendicular df, and divide the Product 


by 282, 231, and 2150 3 the Quotients will be 
4 Areas in Ale and Wine Gallons, and Malt 


Buſhels reſpectively. 


EXAMPLE. 


Suppoſe the longeſt ,;, S 
Side BC or bc) 180, 
the ſhorteſt Side AB &\ 
(or the Perpendicular .... pl 
df) 60 Inches; re- * 


quired the Arca in Ale Gallons, os 
OrPEtRATIO bs 


180 
60 


product is 1 0800, equal the Area in Inches. 


282) 10800. o0(38.3 nearly, = = the Area in Ale 
[ Gallons.” - 

231)10800, o0(46. 75 = the Areain Wine Gal- 
lons. 

2150) 10800. oog. 2 = the Area in Malt Buſhels. 


By the Sliding- Rule. 


282 
To f 231 > on A, ſcteither of the above given 
2150 

Dimenſions on B; then oppoſite the other Dimen- 


ſion on A, is 6 3, on B; the ſame as above, 
5.02 


Prop; 
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PRO pP. V. 


To find the Area of a Trapezium in Ale and Wine 
Gallons, and Malt Buſbels. 


Ru L x. 


Let the following Figure ABD E be divided into 
two Triangles by the Diagor al EB; upon which, 
trom the Angles A and D, ler fall the Perpendi- 
culars AC and DF; then multiply the Diagonal 
BE by half the Sum of thoſe Perpendiculars; or 
their Sum by half the Diagonal, and divide the 
Product by 282 for Ale, 231 for Wine, and 2150 
for Malt Buſhels. 


EXAMPL E. 


Suppoſe the Dia- 


gonal BE to be 84 3 M 
Inches, the Perpen- mn is 
diculars ACand DF "3 W 
to be 21 and 28 In- B — 84 1 SP 
WIN 
| c\ 


ches reſpectively ; 
required the Area in 


Ale Gallons, Se. A 
OyPERATION. 
| 28 
21 


j 
11 


Sum of the Perp. 49 
+ the Diagonal (84) is 42 


Product is 2058, the Area in Inches. 
282) 
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282) 2058.0 (7.3 nearly, the Area in Ale Gallons. 
231) 2058.0 (8.9 Wine Gallons. 

2130) 2058. 000.95 Malt Buſhels. 


By the Sliding-Rule. 


282 
To | MC A, ſet 49 on B; then oppoſite 42 


2150 


ſ 7-3 
on A, we have 4 8.9 þ on B; the ſame as above. 
o. 

By the preceding Method of dividing the Tra- 
pezium, the Meaſure of any irregular Polygon may 
be very eaſily obtained: For if the whole Figure 
be divided into Triangles, and the Area of each of 
thoſe be found (by Prop I.); then will the Sum of 
thoſe Areas be the Meaſure of the whole Polygon. 


EA Oo. VL 


To find the Area of any regular Polygon in Ale and 
Wine Gallons, and Malt Buſbels. 


RuL k. 


Half the Sum of all the Sides, being multiplied 
by a Line drawn from the Middle of any one of the 
Sides to the Center of the Polygon (or the Circle 
circumſcribing it), and the Product divided by 
282, 231, and2150 ; the Quotients will be the 
Areas in Ale and Wine Gallons, and Malt Buſhels 
reſpectively. : 


EXAMPLE. 


In the Hexagon ABDEEFG, if one of its Sides 
AB (BD, & c.) be 64 Inches, the Perpendicular 
L 2 Lv 


| 37-73 | 
en A, we have Hee B; the ſame as above. 
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Cu (Cr, Sc.) will be 55.42 Inches; required the 
Area in Ale Gallons, Sc. 


OyERATIO NN: 


the Sum of the Sides 192 
Perpendicular Cz 55.42 


-_ „ 


— 


384 
768 
960 
960 


—__— 


Product 10640.64, the Area in Inches. 

282) 10640. 6437.73 = the Area in Ale Gallons; 

231)10640 64{46.06 Wine Gallons, 
2150)10640.04(49.4 Malt Buſhels. 


By the Sliding-Rule. 


2150 


2821 
To 0 me A, ſet 192 on B;thenagainſt 55.4 


4-94 

Any regular Polygoa is compoſed of as many 
iſoſceles Triangles as it contains Sides, and may 
be inſcribed in a Circle, whoſe Center is that 
of the Polygon's; whence the (equal) Angles at 
the Center become known : And therefore it 
follows, that, if che Meaſure of the Side of any 
regular Polygon be one Inch, the Perpendicular 


Cy 
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Cs (ſee the laſt Figure) and the Area of the Poly- 
gon (in Inches) become known; which being di- 
vided by the proper Diviſors, the Quotients will 
give the reſpective Multipliers“ for Ale and Wine 
Gallons, and Malt Buſhels : = Theſe Mult pliers, 
conformable to all Authors on this Subject, I have 
exhibited in the following Table, for fix different 
Kinds of regular Polygons. Now it is well known, 
toGeometricians, that the Areas of ſimilar (or like) 
lane Figures, are in Proportion to one another, 
as the Squares of the correſponding Sides z there- 
fore, having obtained (as above) the Area of a 
Polygon whoſe Side is Unity, we then ſay, by Pro- 
ortion, as the Square of 1 (which is 1), is to the 
Square of the Side of the Polygon whoſe Area is 
ſought; ſo is the Area of that Po ygon whoſe 
Side is Unity (expreſſed in the following Table), 
to the Area of the Polygon ſought: Hence the 

following 
RuLE. 


* 1 4 _— 
ai — _ T— 
———— 


* Theſe Multipliers, or Factors, may be otherwiſe derived; by ſuppoſing 
( inſtead of the Side) the Radius of the Circle circumſcribing the Polygon 
= 1 : For if @ denote the Number of Sides of a Polygon circumſcribing 
that Circle, and t the Tangent of I the Angle at the Center; which Angle 
is always known, from the Number of Sides of the circumſeribing Polygon: 
Then the Area of the Polygon circumſcribing the Circle, whoſe Radius is 
= 1, will be expreſſed by 1X7Xa or ta, and the Square of one of its 
Sides by 441 „ 42 ; ta :: r* (the Square of the Side of any other Po- 


f 
lygon) : its Area; but— bree is => the tabular Number, or Factor (ſce 
22 Gauging, P. 63), and is therefore==the Area of a Polygon, whoſe 
Side is Unity, andNumberot Sides Sa: Whick is thus approved: Let te- 


preſent the Sine of an Angle whoſe Tangent is ; then, by fimilar Trizngles, 
2 
ile Area of the Poly- 


f : x (Radius) 2: m: _ = the Coſine; . 
gon whoſe Side is 2m, and Number of Sides a ; whence, by fimilar Figures, 


2 2 
ä = Q. E. I. 


- by > 4 — * — — 
— — — — — — o 
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R UL . 


Multiply the Square of the Side of a given re- 
gular Polygon by ſuch a Number, taken out of 
the following Table, as is agrecable to the Name 
of the Polygon; and the Product will be the 


Area thereof, in the ſame Denomination #s the 


Factor that was made Uſe of. 


ATABLE for fnding the Ax r as of regular 


PeLYGONS. 


4 The The The Arca in The Ine Ine 
Name of Numb. The An- Inches when Area in Area in [Area in 
the Poly] o [gle at theſ the Side of the Ale Gal-} Wine [Mat 
gon. Sides, [Center. Polygon is unityſlons. [Gallons. Buſhels. 

RIFE N "2 1 
Pentagon e 1.7204 | .oobogg] 00744 5] .000780 
Hexagon 6 | 60 o 2.59% | .ooq212| .011246] .091208 
Heptagon 7 | 5 25, 3.6339 | .012834] .o15727] .cor68g 

Octagon 8 | 45 © 4.8284 | .o17 120] .020900] .002245 
Nonagon 9 | 49 © 6.1318 | -021925 0167261. 00287 5 
Decagon 10 136 O 7.6042 027287]. 0 333111. 00367 


In the preceding Example the Side of the 
Hexagon is 64 Inches; the Square whereof being 
multiplied by 2.598, the tabular Number for that 
Figure, gives 10641.4, the Arca in Inches; the 
ſame as in Page 76, very nearly, 


Having ſhewn the Methods of computing the 
Areas of ſuch right-lined Planes, as chiefly occur 
in the Practice of Gauging; I ſhall now proceed 
to determine the Areas of curvilineal Planes ; as 
the Circle, Ellipſis, and their Segments, Cc. Bur, 
firſt of all, it will be very neceſſary to ſhew the 
Learner, howto find the Circumference of a Circle, 


by having its Diameter given, and the contrary. 
Ic 
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It is now looked upon, even by Mathematicians 
of the firſt Ran k, as abſolutely impoſſible to de- 
termine the exa Proportion of the Diameter and 
Circumſerence of a Circle. 

That great Geometer Archimedes, about. two 
Thouſand Y ears ago, firſt diſcovered this Propor- 
tion to be nearly as 7 to 22; that is, if the Dia- 
meter of a Circle be 7, its Circumterence will be 
22, very nearly. 

Since Archimedes's Time, various Methods have 
been invented, whereby the ſaid Proportion may be 
approximated to a very great Degree of Exactneſs. 
Van Ceulen (a Dutch Man) round, by incredible 
Pains, that if the Diameter of a Circle be repre- 
ſented by 1, the Circumference thereof will be 
3-141592653589793238402604 338327950288, 
extremely near; tor it the laſt Decimal Figure be 
ſuppoſed 9, the ſaid Number (3.1425, &c.) would 
then exceed the true Circumference of a Circle 
whote Diameter is 1: — This laſt Number was 
not only confirmed, but extended to double 
the Number of Decimal Places, by that ingenious 
and molt indefatigable Mathematician, the late 
Mr. Abr. Sharp of Little Horton, near Bradford, 
in York ſhrre. 

But, in the ordinary Practice of Gauging, it 
will be unnecefiary to take any more than 3.14159 
(or 3.1416): Hence it is evident, that if the Dia- 
meter of any Circie he multiplied by 3.14159, the 
Product will be the Circumterence of that Circle, 
very nearly. 


ExXAMPL 17 


To find the Circumference of a Circle, whoſe 
Diameter is 40 Inches, 


Or ERATT Ox, 
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OPER A T I ON. 


3.1416 

40 
Product 125.6640 = the Circumference in 
Inches. 


By the Sliding-Rule. 


Set x on B, to 3.1416 on A; then againſt 40 
on B, is 125.6 on A. | 

Ic is evident, from this Example, that if the 
Circumierence of any Circle-be divided by 3.1416, 
the Quotient will be the Diameter thereof, very 
neariy. f | 

If the Diameter and Circumference of a Cir- 
cle are known, its Area will be found by multi- 
plying half the Circumference by half the Dia- 
meter. | 

But fince the Areas of Circles (as well as all 
other ſimilar plane Figures) are in Proportion to 
one another, as the Squares of their Diameters (or 
like Dimenſions); it follows, that, if we have the 
Area of a Circle whoſe Diameter is Unity, we 
can eaſily abtain the Area of any- Circle, whoſe 
Diameter is given, without fiading its Circumte- 
rence at all: Suppoſe, for Example, the Diameter 
of a Circle to be 1; then the Circumference, by 

the 


mn. A—_—_ — 
OE 


* This evidently follows from the Rule given for regular Polygons, Page 
75 2 For, ſince that Rule is general, let the Number of equal Sides be what 
it will; it follows, be concei-ing a Poly gon of an indefinite Number of Sides, 
that the Perpendicular Cn (ſee Fig, P. 76) will then become the Radius of 
the Circle circumſc:ibing that Polygon indefinitely near; and conſequently 
the Perimeter of ſuch a Polygon is, very nearly, equal to the Periphery of 
its circymſcribing Circle : Whence it is evident, that the Meaſure of any 
Circle is equal to a Rectangle contained under half its Periphery and half 


Its Diameter, a 


— 
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the aforeſaid Proportion, will be 3. 14 16, very near- 
ly; thereſore, by the preceding Rule, we have the 


following 


OPERATION. 


3.1416 


+ the Circumference 1.5708 
x the Diameter 5 


Product is 78 540, the Area of a Cir- 
[cle whole Diameter is 1, nearly. 

Therefore, if the Square of the Diameter of any 
Circle be multiplied by .7854, the Product will 
be the Area, or Meaſure, ot the Circle in that De- 
nomination whereby the Diameter was expreſſed, 
whether Inches, Feet, Yaras, &c. 

As, for Inſtance, ſuppoſe the Diameter of a 
Circle be 30 Inches, the Square whereof is 900; 
this being multiplied by .7854, gives 706.86 
fuare Inches, the Area ſought, nearly, 

Now if the Area of any Circle in Inches (and 
in all other Figures) be divided by the Number 
of cubic Inches contained in a Gallon of Ale or 
Wine, Sc. we ſhall obtain the Area of the Circle 
in thoſe Denominations : But, in Order to avoid 
the above troubleſome Multiplier (.78 54), in find- 
ing the Area of a Circle in Ale or Wine Gallans, 
or Malt Buthels, we need only to ſquare the Dia- 
meter, and multip!y that by the Quotient of .78 54 
divided by the reſpective Diviſors; or elle divide 
the Square of the given Diameter, by the Quo- 
tients of the reſpective Diviſors for Squares divid- 
ed by .7854; and the Products, or Quotients, 
will be the Area of a Circle in the ſame Denomi- 
nation as that of the Factor, or Diviſor, uſed 

| M 232) 
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Diviſors Factors 
ſor Squares, Cc. for Cireles, c. 


282) .785398 Sc. (.00278,0998 c. Ale Gal, 

231) .785398 Sc. (.003399992 &c. Wine Gal. 

2150.42). 785398 &c. (505 652 &c. Malt Buſh. 
for Circles, 

786398) 282.00 &c. (359.05 Cc. Ale Gallons. 

-785398)231.00 Mc. (294.118 Cc. Wine Gal, 

e785398)2150.42 Fc. (273 8.0003 Cc. M. Buſh. 

After the very ſame Manner may the Factors 
and Diviſors be found, for obtaining the Areas of 
Circles in any other Denominations; which, for 
the Sake of Brevity, I ſhall exhibit in the follow- 
ing Table. 

The Factors, or Multipliers, for reducing the 
Meaſures of Squares (or any Figure whatever) in 
Inches, into Ale and Wine Gallons, and Malt 
Buſhels, are very eaſily obtained ; by dividing 
Unity by the Number of cubic Inches contained 
in one Ale or Wine Gallon, or Malt Buſhel. 


Diviſors Factors 
for Squares, &c, for Squares, Oc. 


282) 1.000000 (.003546 Ale Gallons. 

231) 1.000000 (.004329 Wine Gallons. 
2150.42) 1.00000000 (.000465 Malt Buſhels. 

Note. The above Factors, for multiplying the 
Square of the Diameter of any Circle (or the Pro- 
duct of the Tranſvcrſe and Conjugate Diameters of 
any Ellipſis), may be otherwiſe obtained; i. e. by 
dividing Unity by the reſpective Diviſors tor Cir- 
cles in Ale and Wine Gallons, and Malt Buſhels. 

The Gavge-points (on the Line D) on the Sli- 
ding-Rule, for Ale and Wine Gallons, and Malt 
Buſhels, are the Square Roots of the Diviſors for 
Squares, or Circles, in Ale and Wine Gallons and 
Malt Buſhels, as follow. 


Div1ilors 282 f 
for Sure 23 } the Square Roots are 
We. - 2150.42 

16.79 


* 
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16.79 : | 
| 5.19 > the Gauge-points for Squares. 
146.37 


Diviſors f 359.053 \ * 
for Circles, & 294. 118 >, the Square Roots are 


' 
' 
i 


Se. 2737.92 

18.950 

41 17.1 Sf the Gauge-points for Circles; 
152.32 | 

The above Gaugc->points are manifeſtly the Sides 
of Squares, and the Diameters of Circles, whoſe 
Areas are one Ale or Wine Gallon, or Malt Buſhel. 


A T ABLE of Multipliers (or Factors), Divi- 
2 and Gauge- points, for Squares and Cir- 
cles, &c. 


Ten el. |Multipli- Diviſors Diviſors [points points 

ers for | ers for for for for | e 

The Side of » o_ Circles, [Squares "a Circ 
| c. &c. &c. Ss | . 

ameter of a Circl || c— | 
is 1. (Inch Sc.) 1 {.785498 1 [1.273*4| 1 | 

Ale Gallon | ,003546 [0027851 | 282 | 359.05|i6-79 18.95 

Wine Gallon 004329 agar 231 294-212[15-19 [17-15 


8 \ Malt(orCorn) | 
D ,c00465 | 000365 [1150.42 


Buſhel * 0 
00373 * 268.8 | 342.2416. 39 18.3 


= [Gauge-y 


2738. 0046.3) [52-32 


031844 (025 101 31.4 
036845 028939 27-1 
.0406 25-67 
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P03, 


Having given the Diameter of a Circle; to find its 
Area in Ale and Wine Gallons, and Malt Bujhels, 
Sc. | 


KN vii, 


Let the Square of the given Diameter be mul- 
tiplied, or divided, by a Multiplier or a Diviſor, 
agreeable to that Denomination in which che Area 
of the Circle is required; and the Product, or 
Quotient, will be the ſaid Area ſought. 


EXAMPLE. 


Suppoſe the Diameter of a Circle 68 Inches; 
required its Area in Ale and Wine Gallons, and 
Malt Buſhels. 


OPERATION. 


68 
68 


544 
408 


The Square of the Diam. is 4624. which being 
multiplied (fee the preceding Table) by 
.0027851 for Ale | 
.0034 tor Wine Gallons, and >, or divided by 
.000365 for Malt Buſhels 
359.05 for Ale 
294.12 for Wine Gal. and , the Products, or 
2738.00 for Malt Buſhels 
Quo ients, give 12.87, 15.72, and 1.68, for the 
required Area of the Circle in Ale and Wine Gal 
lows, and Malt Buſhels reſpectively. 
' / i Hy 
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By the Sliding- Rule. 
18.95 A.G 
To 4 17.15 ve WG fon D, ſet 1 on C; 
52.32 M. R 
12.87 
then againſt 68 on D, is 0 574 fon C; the ſame 
1. 
as before. | 
Proe. IX. 


Having given the Length of the Arch, and the 
Semi-diameter (or Radius) of the Circle; to find the 
Area of the Sector in Ale and Wine Gallons, and 
Malt Bujhels, 


1 


Multiply half the Length of the Arch by the 
Semi-Gdiameter of the Circle; and divide the Pro- 
duct by 282 tor Ale, 231 tor Wine Gallons, and 
2150 for Malt Buſhels. 


ExXTAMPL E- 


Let AD BC repreſent a Sector of a Circle, 
whoſe Semi- diameter AC (or BC) is 84 Inches, and 


the Arch ADB 1s 70.4 Inches; required the Area 
in Ale Gallons, &c. 


 OrERATION; 
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OPERATION. 


+ the Arch ADB35.185 B 
Semi-diameter AC | 34 \ 


- 


F EY 


282)2955.54(10.48 Ale Gallons 
231)2955-54(12.8 Wine Gallons, zearh. 
2150,2955-54(1.37 Malt Buſhels. 


By the Sliding-Rule. 


282 
To MC A, ſet 84 on B; then oppoſite 
2150 
410.48 L 
35.18 on A, we have 12.8 f on B; the ſame 


1.377 

as above. | PA 

But if the Arch ADB, or the Meaſure of the An- 

le ACB, in Degrees and Minutes is given, and 

likewiſe the Semi-diameter AC: Then multiply 

the Number of Degrees and Minutes (reduced to 

the Decimal Parts of a Degree) by tne Square of 

the given Semi-diameter, and that Product by 

oo00 3094s for Ale, .000037777 for Wine Gal- 
lons, and by .000004059 for Malt Buſhels. 

In the preceding Example, the Arch ADB, or 
the Angle ACB, is found to be 48 Degrees, near- 
ly; then 5056 (the Square of 84) being multi- 
plied by 48, and that Product (which is 338688 1 by 
.000030945, gives 10.48 Ale Gallons: Moreover, 
the above Product (338658) being multiplied 


by 
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by .000037777 gives 12.8 Wine Gallons ; and if 
338688 be multiplied by .oo0004059, the Pro- 
duct will be 1.37 Malt Buſhels; the very ſame ag 
before.* | 

By the laſt Propoſition, the Area of the Seg- 
ment of a Circle may be obtained: — For if the 
Area of the Triangle ABC be {ubirafted from that 
of the Sector ADBC, there will remain the Area 
of the Segment ADB A: But ſince it is very trou- 
bleſome to get the Length of the Arch of the Seg- 
ment of a Circle; I ſhall therefore give one gene- 
ral Rule, whereby the Area of that Figure may Le 
found to a very great Degree of Exactneſs, by 
having only its Chord and Verſed Sine given; trom 
whence the Diameter of the Circle is very cally 
obtained, by either of the following Methods. | 

If the Sum of the Squares of the Semi-chord 
and Verſed Sine, be divided by the Verſed Sine, the 
Quotient will be the Diameter of the Circle to 
which that Segment correſponds: — Or, it the 
Square of the Semi-chord be divided by the Ver- 
ſed Sine, and the Quotient thereof added to the 
Verſed Sine, that Sum will likewiſe give the re- 
quired Diameter. 


Suppoſe 


- 


— 


» 9 ͤ„— 


If the Diameter of a Circle be = 2, its Cireumference will be = 


6.7 N 
6.2831, Cc. and therefore 2 = 017455, &c ) will expreſs the 


Length of the Arch of one Doge when the Radius of the Circle is r: Now 
let 5 denote any Number of Degrees and Minutes, Fc. reduced to the Decimal 
Parts of a Degree; the. will ,01745 2X 6 repreſent the Length of thoſe De- 
gre*s, Sc. in the ſame Meaſure of which the Radius is 13 then, becauſe 
fimilar Arcs (as well as the whole Peripheries) of unequal Circles, are to 
one another as their Radii, we have 1 (the Radiu* of the !ef5 Circle) 
: bX.017453 i: 5: 3X ..017453 == the Length of the Arch to the Radiuses ; 


.017453 
2 


br X X 5, or ,co872664 X b1* = the ontent of the Sector 


In Inches ; conſequently the Content in Ale Gallons is = X 6433 
22000030945 X 647, 
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Suppoſe, for Example, the Chord of a Seg- 
ment of a Circle be 24, and its Verſed Sine 8; re- 
quired the Diamcter of that Circle. 


OPERATION. 


Semi-chord 12 

12 
I 44 

'Add the Squ. of the V. Sine 64. 


0 920826, the required 
16 Diameter. 


48 
48 


Otherwiſe, by the ſecond Methed, 


The Square of the Semi-chord is 144, which 
being divided by the Verſed Sine (8) gives 18, to 
which add the Verſed Sine, and we have 26, the 
required Diameter, as above. 

Both theſe Methods are very eaſily derived from 
the Properties of the Circle ; which Properties 
are well known to Geometers. 


Proe. X. 


Having given the Chord and Verſed Sine of the 
Segment of a Circle; to find its Area in Ale and 
Wine Gallans, and Malt Buſbels. 


RuLe, 
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Rut E. * 


Divide the Difference between the Verſed Sine 
and the Semi- diameter by 4, and note the Quo- 
tient. 

1. Subtract the Square Wof the above noted 


2. Subtract four times | Quotient, from the 
the Square ſ Square of the Semi- 
8 


3. Alſo take nine times diameter, and note the 
the Square Difference. 


Then to four times the Sum of the Square Roots 
of the firſt and third Differences, add twice the 
Square Root of the ſecond ; to this Sum add the 
Semi-diameter and Semi-chord. | 
— Multiply that Total by th Part of the Diffe- 

rence between the Semi-diameter and the Verſed 
Sine; this Product being taken from 1.370% 
times the Square of the Semi-diameter, leaves the 
Meaſure of the Segment in Inches; which divide 
by 282 for Ale, 231 for Wine Gallons, and 2150 


for Malt Buſhels. 


EXAMPLE, 


Required the Area of the Segment of a Circle, 
whoſe Chord is 40, and the Verſed Sine 10 


Inches. 


N .  Orzrari1ON; 


— LCL. 


5 This Rwe is very ea ſily. de duced, fre m the Method of eguidiſtant Ordig 
bates explained farther on. 
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OPERATION. 


The Square of the Semi-chord is 400 
The Square of the Verſed Sine is oo 


— 


_— 


10) 500( 50 = the 
[Diameter of the Circle. 
2th of the Difference between the , 
diameter (25) and the Verſed Sine (10) 3-75 
The Square of 3.75 is 14.0625, which being 
multiplied by 4, gives 56.25 ; alſo 14.0625 being 
multiplied by 9, gives 126.5625 : Then the Square 
of the Semi-diameter (25) being 625 ; therefore, 

1. From 625 ſubtract 14,0625, the Remainder 
is 610 9375- Ks 

2. From 62 5 ſubtract 56.25, and there remains 
568.75; and 

3. From 625 take 126.5625, and there remains 
498.4375. 


The Square ( 1ſt 24.7171 
Root of | 2d {Diference is F 3.8484 
the 3d 22.3237 
Four times the Sum of the iſt and 3d is 188.1712 


Twice the 2d Square Root 47.6968 
The Semi-diameter 25 g 
The Semi-chord 20 


Y 


Total 2 80.8680 
Multiply by 5th of the Diff. between the 
Semi-diameter and Verſed Sine. ; 2.5 


na 3400 
5617360 


Product 702.17000 


The 
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The Square of 25 (the Semi-diameter) 


multiplied by 1. 570% is « « 981.74 
Subtract che above Product 702.17 


The required Area of the Segment "7 A 
E 219-57 


282)279.57(.99 Area in Ale Gallons, 
231)279.57(1.21 Wine Gallons, 
2150)279.57(.13 Malt Buſhels. 


It may not be amiſs to inform the Reader, that 
the greateſt Error which can ever happen in com- 
puting, by the preceding Rule, the Area of any 
Segment of a Circle, will not exceed the true 
Meaſure 55th Part of the Whole; and in many 
Circumſtances, eſpecially when the Segment ap- 
proaches near to a Semi- circle, will be more exact 
than by any general Rule I have hitherto met with. 

But the moſt expeditious Method of computing 
the Meaſure of the Segment of a Circle is, by a 
Table which is formed of the Areas of the Seg- 
ments of a Circle,* whoſe Diameter is 1; and 

| N 2 which 


_ 


„— 
— 


— 


It may not be improper to ſhew an eaſy Method of making this Table 
of the Areas of the Segments of a Circle ; and likewiſe the Reaſon of find- 
ing, thereby, the Area of a Segment of any Circle, by having only the Di- 
ameter thereof, and the Verſed Sine of the Segment given :—This laſt de- 
pends on the following - 

THEOREM, 


From the common Center of any two concentric Circles, let favs Right-lines Be 
drawn to any tevo Points in the outermoſt Circumference, and alſo let the Chord of 
the Arc of each Circle, included by thoſe two Lines, be drawn : Then will the' 
Verſed Sines of the Segments ſo formed, be to each other in the Ratio of the cor 
reſponding Radii, or Diameters, of the two Circles 5 and the Areas of thoſe g- 
ments will be as the Squares of thoſe Radii, or Diameters, 


Let OB and OD (Fig. IV,) be the two Right-lines drawn from the com- 
mon Center O; draw the Chords db and DB, and perpendicular therets 
draw the Radius OC; moreover let the Chords ch and CB be drawn, Then, 
by fimilar Triangles, we have, ch: CB . Ob : OB, and aiſo.cb : CB 
"2: en Cm; whence, by Equality, Ob : OB :: c: Cm; or (205) 
CE (20B) : c Cn. 


Moreover 


al 
| 
| 
N 
: 
; 
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which is ſuppoſed to be divided. by Chords per- 


pendicular thereto, in 1000 equal Parts: For if 
the 


— —— 
— c— — — 


yr oY 
. 4s a | N p * L Sad 


Moreover, becauſe ſimilar Ares of unequal Circles are as their correſpond- 
ing Radii, it will be, as Ob : the Arc ber :: OB : the Arc RFC, and (by 
15. Eu. 5.) as Ov Ob : the Arc her Ob (:: OB: Arc BFC) :: OBX OB 
2 the Arc BFC X OB, that is O52; OB :: the Sector Odch : the Sector 
ODCB; but (by 19. Euclid 6.) Ob: OB :: the Triangle Ods : the 
Triangle ODB; whence, by Equality, the Sector Ogch : the Triangle 
Odb :: the Sector ODCB : the Triangle ODB ; therefore, by Diviſion, 
Odchb—O4db : Odb :: ODCB—ODB : ODB, or the Segment ch: the 
Seg, DCB (:: Odds : ODB) :: O2: OB (:: &* : CE?), Q. E. D. 


A Method of computing the Table of the Areas of Segments of a Circle, 


Suppoſe the Radius of a Circle == x ; then will the Meaſure of any Seg- 
ment thereof, be expreſſed by 4 the Meaſure of the Arc of that Segment, 
minus I the Sine of that Arc: For it is evident, the former ( ceb x 1, Fig. IV.) 
expreſſes the Meaſure of the Sector Odcb, and the latter (x 1) the Mea- 
ſure of the Triangle Od. a 

Now, in order to determine the Meaſure of the Segment of a Circle to any 
8 Verſed Sine, ſuppoſing the Radius 1, and divided into 1000 equal 

arts by perpendicular Chords: Take, out of a Table of natural Verſed 
Sines, the Degrees, Minutes, and (by proportioning) the Seconds, anſwering 
to the Verſed Sine propoſed; this gives half the Angle at the Center, or half 
the Arch of the Segment: Then find the Meafure thereof in Parts of the 
Radius (1); by multiplying the Number of Seconds therein, by the conſtant 
Fator ,0000048481 expreſſing the Length of one Second; being = 


=, viz, the whole Periphery of the Circle (to the Rad, 1.) divided 
by the Number of Seconds in 3609. 

From the Meaſure of the Arc thus obtained, take I the Sine of twice 
that Arc, the Remainder will expreſs the Meaſure of the Segment to the 
Verſed Sine propoſed, when the Diameter of the Circle is fuppoſed == 2: 
But if the Diameter of the Circle be = x, which indeed is more commo- 
dious ſor Practice; then, by the preceding Theorem, the Measure of any. 
Segment will only be th of that of a ſimilar Segment, when the Diameter 
of its Circle is ſuppoſed = 2, By this Means we derive the very ſame Table, 
as that given at the End of Shirtcliffe's Gauging. 

Suppoſe, for Example, it was propoſed to find the Meaſure of the Segment 
of a Circle whoſe Diameter is 2, andthe Ve:ſed Sine .1,—Let the Radius (1) 
be conceived to be divided into 1000 equal Parts, then the propoſed Verſed 
Sine will be repreſented by 100; for, by the preceding Theorem, 1: 1 22 
2000 : 100; then in Sberwin's Tab. of nat. Verſed Sines, againſt 999-346 
we have 259 50', and alſo againſt 1000.6 14 we have 259 g1/; *.* 1,268 

+654 X be 
(viz. 1000,614—999.346) : 60” :: .654 (1000=999.346) : e 


21% very nearly ; then will 25 50! 31” expreſs half the Are of the Sector 
(or Segment), the double whereof is 519 41/ 2”, the Sine of which is 
7845961; but 259 56! 317 = 9g3031”, which being multiplied by 

| «9000048431, 
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the Verſed Sine and Diameter of a Circle are 
known, (or the Verſed Sine and the Chord of a 
Segment of a Circle from whence the Diameter be- 
comes known, ſee Page 88; then will the Meaſure 
of the Segment be obtained by the following eaſy 


Rl x. 


Divide the Verſed Sine of the Segment (with a 
competent Number of Cyphers annexcd) by the 
Diameter of its Circle, to three Places of Deci- 
mals in the Quotient; find this Quotient in the 
Table of Areas of the Segment of a Circle, under 
the Letters V. S. and then againſt it, under Sep. 
Area, is a Decimal Number; which being mul- 
tiplied by the Square of the given Diameter, the 
Product will be the required Meaſure of the Seg- 
ment. 


EXAMPLE. 


Suppoſe the Diameter of a Circle to be 80 
Inches ; required the Area of a Segment thereof 
'n Ale Gallons, Sc.) whoſe Verſed Sine is 30 


nches. | 
; OPERATION. 


— 


2 


m — — — —_ 


»0000048481, the Length of the Arc of 1” (to the Radius x), gives 

| 451023 59, for the Meaſure of the 
a [Arc 2 50 3of 31  inParts 
Subtract I the Sine of the whole Arc, [of the Radius 2. 


vis. Half ,7845961 , , , . ; -— 


Remains the required Area, when the 


Diameter is 22 2 + . 05372554 


Ith of which (ſee the preceding Theo.) is .01468138, the Area of the Seg- 
ment of a Circle whoſe Diameter is 1, and Verſed Si ne. 1 or ,0g; vin. 100 
or 50, according is the Radius is ſuppoſed to be divided into 1000, or 5300 

equal Parts, | 
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> 


OrxrnATION. 


80) 30.000 (.375 Quotient 
240 
600 
560- 
.——  — 
400 
400 


Under the Letters V. S, find the above Quo- 
tient. 375, againſt which is .269013, this being 
multiplied by 6400 the Square of the Diameter, 
the Product is 1721.6832, the Area of the Seg- 
ment in Inches; which being divided by 282 
gives 6.105 Ale Gallons, and being divided by 
231, the Quotient will be 7.45 Wine Gallons. 

If the Area of the above Segment be computed 
by the foregoing general Rule, the Reſult will be 
6.105 Ale, and 7.45 Wine Gallons; exa#ly as 
above. | 
PR O P. XI. 


The 7 ranſverſe and Conjugate Diameters of an 
A being given; to determine the Arca thereof in 


Ale and Vine Gallons, and Malt Buſbels. 


RU LE. 


. Multiply the Tranſverſe (or longeſt) Diameter, 
by the Conjugate (or ſhorteſt) Diameter; and let 
that Product be multiplied, or divided, by a Mul- 
. tiplier, or a Diviſor, agreeable to that Denomina- 
tion in which the Area of the Ellipſis is required 
and the Product, or Quotient, will be the Anſwer” 


ſought, 
ExAMPLE. 
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E Xx A Mr I E. 


Suppo” the Tranſverſe Diameter of an Ellipſis 
to be 70, and the Conjugate go Inches; required 
its Area in Ale Gallons, Sc. 


OPERATION. 


70 
50 


The Product of the 3500, which being multipli- 
two Diameters J ed (ſee the Table Page 83) by 
,00278;1 for Ale | 

.0034 ior Wine Gallons, and &, or divided by 
,000365 for Malt Buſhels; 
359.05 for Ale 
294. 12 for Wine Gallons, ad; the Products, 
2738.00 for Malt Buſhels 
or Quotients, give 9.74, 11.90, and 1.27 for 
the required Area of the Ellipſis in Ale and Wine 
Gallons, and Malt Buſhels reſpeQively. 


By the Sliding-Rule. 


359 
10 257 on A, ſet 30 on B; then againſt 
2738 | 


8 | 9.74 
70 on A, we ſhall have} I 190 on the Line By 
1.27 
the Areas as before. 
PR OP. XII. 


Having given the Baſe and Perpendicular of 4 
Parabola, (or the Ordinate and Abſciſſa, ſee Defin. 
9. Page 63); to determine the Area thereof in Ale 
and Wine Gallons, and Malt Buſhels, 


RvuLE, 
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R U 1. R. 


Multiply the Baſe (or Ordinate) by ds of the 
Perpendicular (or Abſciſſa); and divide the Pro- 
duct by 282 for Ale, 231 for Wine Gallons, and 
2150 for Malt Buſhels. | 


Exampyers: 


Let the Baſe (or Ordinate) of a Parabola be 64, 
and the Perpendicular (or Abſciſſa) 36 Inches; 
required the Area in Ale Gallons, &c. 


OPERATION; 


64 
3ds of 36(the Perp.) is 24 


— 


256 
128 


9. 282)1536(5.44, the Area in Ale 
[ Gallons; 
231)1536.00{6.64 Wine Gallons, 

2150) 1636. 0000.71 Malt Buſhel. 


By the Sliding-Rule. 


282 
To 231 fon A, ſet 64 (or 24) on B; then op- 
2130 


5-44? 
polite 24 (or 64) on A, we ſhall have J 6. 440 on 
0. 71J 


the Line B; the Areas as above. 


PR O pP. XIII. 


Having the Tranſverſe and Conjugate Diameters 
of an Ellipfis given; to find the Area of any Seg- 
ment thereof, (formed by drawing a Line parallel 


to either of thoſe Diameters, ) 
RvULE. 


nn GCAUGCING 97 
Ru l z. 


Find (by Prep. 10. Page 89.) the Area of a 
Circular Segment, whole Verſed Sine is the Alti- 
tude of the Elliptic Segment, and the Diameter of 
the Circle is the Tranſverſe (or Conjugate) Diame- 
ter of the Ellipſis; Then, it the Elliptic Seg- 
ment is formed by a Line parallel to the Conju- 
gate Diameter, multiply the Area of the Circular 
Segment by the Conjugate, and divide the Pro- 
duct by the Tranſverfe Diameter: But if the Elliptic 
Segment is made by a Line drawn parallel to the 
Tranſverſe Diameter; then multiply the Area of 
the ſaid Circular Segment by the Tranſverle Dia- 
meter, and divide the Product by the Conjugate, “ 
the Quotient (in each Caſe) will be the Area of 
the Elliptic Segment (in Inches, &c.) ; which di- 
vide by 282 for Ale, 231 for Wine Gallons, and 
2150 for Malt Buſhels. | 


O EXAMPLE. 


abs. 
_—_ 


Br T — Las * * — 
_ 11 Ati 


| © Let the Tranſverſe Axis AB=a, the Conjugate CD==c, the Abſciſſa 
Cx, and the Ordinate mn—y (ſee the following Fig. /: Ihen, for the very 


ſame Reaſon that 7 XX ax (or yx) is the Fluxion of the ElliptieSeg- 

ment Ab (when AF = xandFh = y), will — X + Ts — x7 be the 

Fluxion of the Elliptic Segment Ce; but x c= is theFluxion of the 

circular Segment bCd (ſee Simpſon's Fluxions, Page 146) ; let the Fluent 

thereof be = A; then the Fluent of — XX /ex—a3 is Tl X Az 
c c 

whence the Area of the Circular Segment bCd is to that of the E!l:ptic Segment 


„cb, 2 A. = X A for 1 Der az; that is, as CD: AB :; I 
2 nCe, 
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EXAMPLE. 


In the Ellipſis ADBC, let the Tranſverſe Dia- 
meter AB be 82, and the Conjugate CD be 52 In- 
ches, and ſuppoſe the Verſed Sine AF to be 8.5 


Inches; to find the Area of the Elliptic Segment 
Ab in Ale Gallons, Sc. 


OPERATION. 


82 ) 8.500 (102 
Againſt the Verſed ; 

Sine 103, in the Ta- f 

ble for the Segments L 

of Circles, is 042087, 22 DD 


which multiply by. 


the Square of 82 viz.A 1 © 
6724, gives 287.027, i 
the Area (in Inches) Pa 


of the Circular Seg- D 
ment GAE; this 
Area being multiplied by 52, and the Product 
thereof divided by 82 (agreeable to the former 
Part of the preceding Rule) the Quotient will 
come out 182.01 Inches, the Area of the Elliptic 
egment kAb ; Whence the Area of the ſaid Seg- 
ment, in Ale and Wine Gallons, and Malt Buſh- 
els, is eaſily found; by dividing 182.01 by the 
above Diviſors reſpectively. 

The Method of Operation, for finding the 
Area of the Elliptic Segment Ce, is the ſame as 
abuve; only obſerve, that the Area of the Circu- 
Jar Segment (4C4) is to be multiplied by the 
Tranſverſe (inſtead of the Conjugate) Diameter, 
and that Produ& divided by the Conjugate (in- 

ſtead of the Tranſverſe) Diameter. 


Prop. 
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PR OP. XIV. 


To find the Side of a Square inſcribed in 4 Circle, 
whoſe Diameter is given. 


RLE. 


Multiply the given Diameter of the Circle by 
570%, and the Product will be the Side of the re- 
quired Square, nearly,* 


EXAMPLE. 


Suppoſe the Diameter of a Circle be 62.5 Inch» 
es; what is the Side of the inſcribed Square ; or 
the greateſt that can be formed within that Circle t 


OPERATION. 


Product is 44.187 5, the Side of the Square. 
By the Sliding-Rule. 


To Unity on A, ſet . 707 (marked s. i.) on B; 
then againſt 62.5 on A, is 44.2 on B. 
O 2 N. B. 


« 4 


In every Circle, the Chord of gov is manifeſtly the Side of the inſcribed 
Square; and therefore, when the Diameter of the Circle is Unity, the Side 


of its inſcribed Square will (by 47. Eu, 1.) be expreſſed by A, or .707 
Se. whence, by ſimilar Triangles, it will be, as 1: %% :: „ (any given 
Diameter) : @ X «707, the Side of the 8 zuare inſcribed in a Circle, whale 
Diameter is a, nearly, Q. E. I. 
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N. B. This Propoſition is very uſeful in the 
quartering of a round Tun, @&c. as will be ſhewn 
tarther on. 


It may be proper to obſerve, that when the 


Content of any Veſſel is known in cubic Inches, 


ics Content in Pounds of Glaſs may readily be ob- 
rained, by dividing the ſaid cubic Inches by the 


Proper Diviſor, as follows. 


Diviſors. 


8.46 
9.178 
- cubic 


-| 10.516 | Inches, 


Flint Glaſs 
A Pound | Plate 04% 
Avoirdupoile j Crown and 
Weight Broad Glaſs | 
of Phial and 
LC Bottle Glaſs) Lo 178 
Vid. the Officers Inſtrufions for charging the 
Duties on Glaſs. 


SUIEJUOI 


Hence the correſponding circular Diviſors, 
Factors, and Gauge- points, may be eaſily ob- 
tained by the Methods laid down Pa. 82. 


SECTION 


& 
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SECTION VIII. 


Or ru MEASURE OF SOLID FIGURES 3 
or of finding their Contents in Ale 
and Wine Gallons, and Malt Buſb- 


els. 


HE Meaſure of every folid Figure is com- 

puted from another Solid, of a determinate 
Form and Magnitude; namely, from a Cube, 
whoſe Side is one Inch, Foot, Yard, &c. called 
the meaſuring Unit, and the Number of ſuch 
Cubes, or Units, (and Parts of an Unit) that 
any Solid is found to contain, is called the Mea- 
ſure, or Content, of the Solid : Therefore when 
the Meaſure of any Figure in cubic. Inches is 
known, its Meaſure in Ale and Wine Gallons, , 
and Malt Buſhels will be eaſily found, by divid- 
ing the ſaid cubic Inches by the proper Diviſors 
for thoſe Meaſures reſpectively. 


PR oO p. I. 


The Side of a Cube being given in Inches; to find 
its Content in Ale and Wine Gallons, and Malt 
Bufhels. 


n 


The Length, Breadth, and Altitude of the 
Cube (which are all equal) being multiplied toge- 
ther, gives the Content in cubic Inches; which 
| divide 
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divide by 282 for Ale, 231 for Wine Gn 


and 2150 for Malt Buſhels. 


EXAMPLE, 


Suppoſe the Side of a Cube to be 15 Inches 
required its Content in Ale Gallons, Gc. | 


1 


The Content of the Cube in Inches 3 375 


282)2375.00(11.96 Ale Gallons. 
231)3375.00)14.61 Wine Gallons. 


_ 2150)3375.00)11.57 Malt Buſhel. 


Ey the Sliding-Rule. 


16.76 
To o $15 4% D. ſet 15 on C; then oppoſite 
46.37 


11.96 
15 on D, „ten ec. the ſame as . 
1.57 5 


PRor. 
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PR O pp. II. 


The Length, Breadth, and Depth (or Altitude) of 
a redtangular Parallelopipedon being given in Inches; 
to find its Content in Ale and Wine Gallons, and 
Malt Buſhels. (See Definition 25, Pa. 58.) 


R v L . 


Multiply the Length by the Breadth, and that 
Product by the Depth (or Altitude), the laſt Pro- 
duct will be the Content in cubic Inches; which 
divide by 282 for Ale, 231 for Wine Gallons, and 
2150 for Malt Buſhels. 


EXAMPLE. 


The Length of a rectangular Parallelopipedon 
is 72, the Breadth 33, and the Depth (or Alti- 
| tude) 82 Inches; required the Content in Ale and 
Wine Gallons, and Malt Buſhels. 


OPERATION. 


Length 72 
Breadth 33 


—_ 


» 


216 
216 


— 


The Area of the Baſe 2376 
82 


4752 
19008 


Content in cubie Inches 1948 32 
282) 


— — o - - — ͥ — - 
— — — — 
— — - — — 
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282) 194832. 0690.89 the Content in Ale 
[ Gallons, 


221)194832.00(843.42 Wine Gallons. 
2150)194832.00(90.61 Malt Buſhels. 


By the Sliding-Rule, 
282 Br: 
10 231 Fon A, ſet 33 (or 72) on B; then 


2150 Areas. 


8.4 
againſt 72 (or 33) on A, is 10. fon B, 


ITY 
ce 8.423 
Then oven fon A, ſet 1 on B; and oppo- 
8.11 


690.8 
ſite 82 on B, 1s eas gen A. 
90. 6 
Otherwiſe by the Sliding-Rule. 
A Mean- Proportional between the Length (72) 
and the Breadth (33) is 48.74 (found by Prop: 3. 
Page. 46) : Then, 


16.79 | 
To 15.194 on D, ſet 82 on C; and againſt 


46.37 
690.89 


- 48.74 on D, is 843.6 | on C; the ſame as above. 


90.61 

The foregoing Methods are both very exact and 
expeditious, for computing the Contents of many 
Brewers Gnile-Tuns and Dittillers Waſb. Backs; that 
is, ſuch whoſe four Sides ſtand perpendicular to 
the Bottom, which (in this Caſe) is a rectangular 
Parallelogram : Bur, it is to be obſerved, that, on 
Account of the Unevenneſs of the Sides of the 
Tun Sc. it will be very neceſſary to take 10 
Lengths (at leaſt), and as many Breadths , each, 
| as 
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as near as poſſible, at equal Diſtances from one 
another, and from the Sides of the Veile! ; chen 
the Sum of the Lengths being divided by 10 (or 
the Number of Lengths taken) and the Sum of 
the Breadths divided in like Manner; or, which 
comes to the ſame Thing, the Decimal Point, in 
each of theſe Sums (viz. when there are 10 
Lengths and 10 Breadths), being removed one 
Place more towards the Lett-Hand, gives the mean 
Length and Breadth of the Tun, or Back: Suppoſe, 
in the laſt Example, the Lengths and Breadths 
were taken, each ac 10 different Places, as tollow : 


Lengths. Breadths. 


71.8 32.7 
[2:4 33-4 
72.2 33.1 
71-7 33-9 
72.0 32.7 
71.8 32.9 
71.8 33.2 
72.0 33.1 
72.2 33-3 
72.1 32.6 
Total 720.0 330.0 


eth is the "y_ 72.00 eth is 33.00 the mean 
Length Epos | Breadth. 


At common Brewers, Sc. the Coolers (or 
Backs) are generally in the Form as deſcribed 
above; but, as their Depths ſe!dom exceed 8 In- 
ches, it will be ſufficient to take (about the Mid- 
dle) only one Length and one Breadth ; which 
being multiplied together, and the Product Hereof 
divided by 282, the Quotient will be the Arta of 

the Cooler in Aie Gallons. 
| P EXAMPLE, 
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EXAMPLE. 


Suppoſe the Length of a Cooler to be 112.5, 
and the Breadth 82.2 Inches required its Area 
in Ale Gallons. 


OPERATION. 


112.5 
82.2 
2250 

2250 
90090 


* 


2829247. 5003 2.8 Area in Ale Gallons. 


The Wort in the Coolers being always gauged 
to the tenth of an Inch, it is therefore neceſſary 
that the Tables of ſuch Veſſels Mould be made in 
Barrels, Firkins, Sc. to every Tenth; which is 
uſually called tenthing a Cooler: But, before we 
enter upon that, it will be proper to obſerve, that, 
at common Brewers, there is an Allowance made 
of one Gallon in ten, on Account of the Heat of 
the Wort; that is, every 10 Gallons of hot 
Wort in the Coolers, will be but 9 Gallons when 
cold, and let down into Tun; conſequently a 
Table muſt be made of only ;chs of the whole 
Arca of the Cooler, as follows. 

Whole Area 32.8 Gallons. 
Subtract th 3.28 


Remains 29.52, the neat Area for one 

Inch. z th of which is 2.952, the neat Area of the 
Cooler for geth of an Inch; but the 3d Decimal 
Figure bring in this Caſe of ſmall Value) may 
be rejected, aud therefore 2. 95 will be the neat 
Area; 
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Area; by the continual Addition of which, the 
following Table of Beer Barrels was made. 

Note. The neat Area of any Back (or Cooler), 
for roth of an Inch, may alſo be found by mul- 
tiplying the whole Area thereof (viz, for one Inch 
deep) by .09: — Thus, for Example, the fore- 
going Area 32.8 being multipiied by . 09, gives 
2.952 the neat Quantity for Feth; the ſame as 
before. 


Tenibs. B. F. Gall. Parts. 


3 LD. .;@ 4 8 
„ 
3+ 0 0-8-8 
A IQ I 2 80 
I 
% 20 
31S i 2 
#1 0,453 58 
H 1.0 $4: 
1 % % 4:30 
Sc. Sc 


I thought it needleis to proceed any farther 
with the foregoing Table, ſecing that the Method 
of forming ir is only the continual Addition of 
2.95 Gallons. 

By the ſame Method the Back may be tabulated 
for Ale Barrels, Sc. (i. e. 34 Gallons to a Barrel), 
due Regard being had to the Decimal Parts, when 
the Sum of the Gallons and Parts of the two Num- 
bers to be added, exceeds one Firkia (i. e. 8.5 Gal- 
lons). | 

It is, indeed, wholly immaterial in what Part 
of a Cooler the Gauge of the Wort is taken, pro- 
vided its Bol tom is fixed in an horizontal Poſition : 
But it is well known, that hat is always placed a 
little inclined, for the Convenience of the Wort's 
running out: Beſides, at common Brewers, large 
Backs are generally found to ſettle of themſelves, 

P 2 | more 
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more one Way than another; and moreover their 
Bottoms will trequently warp, and thereby cauſe 
ſuch an Unevenneſs in them, as to render it almoſt 
impoſſible to know where to take a Dip of the 
Wort, whereby the true Quantity may be af- 
certained, 

Now in Order to find, with the moſt Certainty, 
a mean Dip of a reftangular Back or Cooler, pro- 
ceed thus : Let its 
Length and Breadth A D 


be each divided at 1 2 - Ad | 
4. 


the Bottom, into | . 2 
4, 5, 6, 7, Cc. e- 


771 | 


qual Parts, accord. 2 b | 

ing to the Magni by 2 
tude of the Back, Ws 

and the Irregularity D N 


of its Bottom, allo a 

let parallel Chalk- lines be ſtruck; ſee the above Fi- 
gure ABCD; which may be ſuppoſed to repreſent 
the Bottom of a rectangular Cooler: Then! the Bot- 
tom being covered with Water) let Dips be taken 
at all the Points of Interſection (a, e, u, t, v, Sc.) 
of thoſe parallel Lines; the Sum of which Dips 
being divided by the Number of Dips taken, will 
give the mean Depth (or Dip) ſought. 

Find in what Place of the Back, a Dip being 
taken, will anſwer the mean Dip, for that mull 
be noted for theconſtant Dipping-place : But if ſuch 
Place cannot eaſily be cone at, then chooſe One 
which will be the moſt convenient to dip at, and 
there make ſome immoveable Mark; obſerve how 
much the Dip taken at this Place falls ſhort, or 
exceeds the mean Dip (found as above), and accord- 
ingly mark it down on the Side of the Back, at the 
fixed Dipping- place, with the Character + or —: 


Suppoſe, for Example, the mean Dip of a Cooler be 


4.53 and, at the intended Dipping-place, it is found 
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to dip only 4 Inches; therefore it is lain that . 3 
muſt be added to every Gauge (or Dip) chat is 
taken of the Wort, at the fixed Dipping- place, 
and muſt be there marked thus, + 0.5 : But if 
the Dip at this Place, bad been 5 Inches, (which 
exceeds the mean Dip by . 5), we muſt then have 
marked the Dipping-place'—0o.5. 

Note. If the Sides of a Back Sc. are parallel, 
and there happens tobeany conſiderable Difference 
between the two Diagonals: — Then we muſt mark 
(with a Chajk-line on the Bottom) the longeſt Dia- 
gonal, and ſet Perpendiculars failthereon, from the 
two oppolite Angles, as in the Trapezium Pa. 74. 

It will be unneceſſary to give Examples for find- 
ing the Contents of all the various Sorts of Priims 
which may occur in Practice, if the 25th Definition, 
Pa. 58, be rightly underſtood ; for the Method of 
Operation, by the Pen, is much the fame as ht 
of the foregoing Examples, let the Figure of the 
two equal Eads of the Priſm be what it will : — 
That is, multiply the /irea of one of the Ends, by 
their perpendicular Diſtance aſunder, and the Pro- 
dutt will be the. Meaſure of the Priſm in cubic In- 
ches; which divide by 282 for Ale, 231 for Wine 
Gallons, and 2150 for Malt Buſbels. 

Note. The preceding Method of dividing the 
Bottom of a Cooler, will. be. very uſeful in gaug- 
ing of a large Veſſe] in the Form of a rectangular 
Paral-lopipedon ſee Pa. 103).— For, if the Veſ- 
ſel is of a conſiderable Depth and Magnitude, the 
Sides (tho? intended by the Artiſt to ſtand per- 
pendicular to the Bottom) are very ſubject to 
warp, bulge, and have many [rregularitics in them. 
The beſt Method, therefore, of obtaining a mean 
Length and mean Breadth, will be to divide and 
ſtrike Chalk-lines on each of the four Sides of 
the Veſſel, in the very ſame Manner as was de- 

„ ſcribed 
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ſcribed for the Bottom of a rectangular Cooler, 
(fee the preceding Fig.); and then to take all the 
Lengths and Breadths at the oppoſite Interſecti- 
ons of thoſe Lines, in Order to get a mean 
Length and Breadth. (See Pa. 105. 


PR O p. III. 


The Diameter and Length of a Cylinder being 
given; to find its Content in Ale and Wine Gallons, 
and Malt Buſbels. 


R ul. E. 


Multiply the Square of the Diameter by the 
Length, or Altitude, of the Cylinder; and divide 
the Product by 359 for Ale, 294 for Wine Gal- 
lons, and 2738 for Malt Buſheis : — Or the {aid 
Product being multiplied (lee Ta. Pa. 83) by 
027831, .0034. and .000365, will give the 
Content of the Cylinder in Ale and Wine Gal- 
lons, and Malt Buſhels reſpectively. 


E X AMy I. z. 
The Diameter of a Cylinder BC is 32, and the 


Altitude, or Length, AB 45.5 Inches; required 
its Content in Ale Gallons, Cc. 


Ortr ATION; 
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OPERATION. 


The Square of the Diam. 1024 
Length 45:5 


— ĩÜI—ů—ů—ñ— - 


1 2-5 2 
* — => 
NN 

l > 


: Fl dd // %%, S 
5120 C R 
3120 


4096 : N 


359)46592.00{129.73 the Con- 
(tent in Ale Gallons. 
294 )46592.00(1 58.47 Wine Gal- 
lons. 
2738)4659 2.000 17.01 Malt 4 
(Els. 


By the Sliding- Rule. 


18.95 A.G 
To} 17.15 marked] 7.6 fon D, ſet 45.5 on 


52.324 M.R 
| 129.78 
C; then againſt 32 on D, 41 15847] on C; the 
17.01 


ſame as before 


If the Diameter be leſs than 10, or more than 
100; or if it 10 happens, that, when the Length 
of the Cylinder on C is ſet to any of the aforeſaid 
Gaug?-points o D, the Diameter of the Cylinder 
on D, ſhould fall off the Slide either towards the 

| Right 
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Right or Left-Hand : Then, in Order to find the 
Content of the Cylinder by the Sliding-Rule, we 
may have Recourſe to the Method laid down in 
Pa. 48. | 

Thus, for Example, ſuppoſe the Length of a 
Cylinder be 45.5, and the Diameter thereof 8 
Inches; required its Content in Ale and Wine 
Gallons, and Malt Buſhels. 

Now it is evident, from the Conſtruftion of 
the Rule, and the Gauge-points thereon, that the 
Diameter of the Cylinder (8) will fall off the Line 
D: But, 


18.95 

If gehe D, be ſet 45.5 on C; then 
52.32 

againſt 16 {the Double of 8) on D, we ſhall have 


32.5. 7... | 

ſ 39.6 fon C; which being divided by 4 (becauſe 
4.25 

the Diameter of the Cylinder was doubled), gives 


| { 8-12 Ale Gallons 

9.9 Wine Gallons hit required Content of 
1.06 Malt Buſhels 

the Cylinder. 


„ 


PR O pP. IV. 


To find the Content of a Pyramid (or Cone) in 
Ale and Wine Gallons, and Malt Bujhels. (See 
Definitions 1 and 27, Pages 59 and 61.) 


R Ul. E. 


Multiply the Area of the Baſe (let the Figure 
thereof be what it will) by 3d of the Altitude, 
and the Product will be the Content in cubic Ia- 
ches; which being divided by 282, 231, and 

2150, 
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2150, the Quotient will be the required Content 
in Ale and Wine Gallons, and Malt Buſhels re- 


ſpectively. 
EXAMPLE. 


Suppoſe the Side of the Baſe of a ſquare Pyra- 
mid be 35, and the Altitude 57 Inches; requi- 
red its Content in Ale Gallons, Sc. 


OPERATION, 


The Area of the Baſe in Inches": 1225 
zd of the Altitude I9 
11025 

1225 


TheContentofthePyramidin Inches 2 3275 


282)23275.00(82.53, the Content in Ale Gal. 
[ lons, 
231)23275.00( (00.75 Wine Gallons, 
2150)23275,00{10.82 Malt Buſhels. 


By the Sliding-Rule, 


16.79 
Tod x. . D, ſet 19 on C; then againſt 
46.37 


33 on D, is 100. i 1 C; the ſame as before; 
10.82 ) | 
Prop, 
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T7 a0, . 


To find the Content of the Fruſtum of a Cone (or 
Pyramid of any Kind) in Ale and Wine Gallons, 
and Malt Buſhels. (See Defin. 32. Pa, 60). 


R v L x. 


To the Sum of the Areas of the two Ends 
of the Fruſtum, add a Geometrical-Mean be- 
tween thoſe Areas (i. e. the Square Root of 
thzir Product), multiply this Sum by 4d of the 
Altitude of the Fruſtum, the Product will give 
the Content thereof in cubic Inches ;* which be- 
ing divided as in the laſt Example, gives the 

Content ſought. 
The preceding Rule is general, let the Figure 
of the two (ſimiiar) Ends of the Fruſtum be what 
it will ; but the Content of the Fruſtum of a 
Cone in Ale Gallons, Ec. is more expeditiouſly 
obtained by the following 


W 


Let the Meaſure of the greater End of the Fruſtum of any Cone, or Py- 
ramid whatever (fee Fig. V.), be denoted by A?, that of the leſs End by a*; 
then the Diameters, or any two homologous Sides of thoſe Ends {becauſe of 
their Sim'larity), will be as A and a treſpectively: Moreover let the Diſtance 
(bm) of the Ends be denoted by p, and the Perpendicular Fn by x ; and con- 
ceive the Solid {AachBCA) to be cut by a Plane parallel to one of its Sides, 
10 as to form a Pyramid (or a Priſmoid) HI4B, and parallel to that 
Plane, let another be ſuppoſed to paſs from any Altitude x: Then it is ma- 


Ama 
es 


7 
(which is as Br) j A— = (being as AB—B-) will be as EF ; 


niſeſt, that p (im) : A4 (which is as BH) :: x (F): 


cor ſequently the Area of the Section E GF (parallel to the Ends 
— AX by 

of the Solid) will be expreſſed by — — whence the Fluxion 

of 
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RU 1. 


From the Square of the Sum of the top and 
bottom Diameters, ſubtract the Product of thoſe 
Diameters; th: Remainder being multiplied by 
the Altitude of the Fruſtum, and the Product di- 
vided by 1077 for Ale, 882.36 for Wine, and 
8214 for Malt Buſhels, gives the required Con- 
tent. 


41 EXAMPLE. 
A A * 
of the Solid, univerſally, will be — —— X Xx, or (when ex- 
A3c—2 AlprirApart Adi Act3+at x25 
panded ) pix —2Atprx+2 _ 2A: 22 x — ded 
Ap Ar TA - , A733 nn 2A0"3 L 
Fluent is 7 . 3. which, 


whenx =p, becomes Apa + 


2 or D 


1 . Q. E. I. 
3 


+ Suppoſe B and & denote the Diameters of two Circles, whoſe Areas are 
A? and * reſpectively; that is, let B* X. 78 54 =A?, and hx. 738 54==4> z 


Then will BS. 78 54=Aa, and. B:ÞB5-þ3z X 78 54=A*ÞpAab-at ; 
whence H T BNL x $7354 X 4 (STA x 57854 x 2) 
Z 


= AA - x 2 = the Content of a Fruſtum of any pyramie 


dic Solid whoſe Altitude is p : See the preceding Wore, 
Hence it is very eaſy to deduce another general Rule for determining the 


Content of the Fruſtum of a Cone : For B —aj* + 330 K .7854 X 4 
3 


(SD x .78;4 x £)islikewife If x E. 
3 3 
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EXAMPLE. 


Let the top Diameter be 22, the bottom Dia- 
meter 40, and the Altitude (or Depth) 60 In- 
ches; required the Content of the Fruſtum in 
Ale Gallons, &c. 


OPERATION. 


22 
40 
5 22 
62 40 
124 880, the Product 
372 [ of the Diameters. 
Sq. f che Sum = 7 
of the Diam. 3844 
Subtract 880 


ad. mm |} 
— 


Remainder 2964 
Depth 60 


1077)177840(165.12, the Content of 

the Fruſtum in Ale Gatilons z whence, by the pro- 

er Diviiors, the Content in Wine Gallons and 

Malt Buſhels, will be found to be 201.55 and 
21.63 reſpectively. 

Provided a Brewer's Guile-Tun for a Diſtiller's 
Wath-Back, Cc.) was a perfect Fruſtum of a 
Cone, the above Rule would be ſufficient for find- 
ing Content; and moreover a general Method 
mint be given for find:ng the rue Quantity upon 
every Inch of the Fiuſtum's Altitude, by which 
Means a Table might bs formed to krow the 
(Quantity of Liquor contained in the Tun (or 

Back), 
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Back), at any Number of wet (or dry) Inches of 
its whole Depth. 

But, in Veſſels of this Kind, it is well known 
that th: Croſs-Diameters, in varicus Parts of che 
Altitude, differ about an Inch, or an Inch and a 
Half, more or leſs, according as the Veſſel is of a 
greater or leſs Magnitude: Therefore the molt 
practical and certain Method of finding che Con- 
tent, and tabulating a Guile-Tun, c. reſembling 
th- Fruſtum of a Cone is, to take Croſs-Diame- 
ters in the Middle of every 6, 7, 8, 9, or 10, Sc. 
Inches of its Altitude, then will half tne Sum of 
any two Croſs-Diameters be, nearly, the true Dia- 
meter at that particular Altitude. 

Find the Areas in Ale or Wine Gallons correſ- 
ponding to the Diamerers, thus obtained, in the 
Middle of every 6, 7, 8, 9, or 10, Se. Inches 
the Sum of. theſe Areas being multiplied by their 
common Diſtance aſunder; or, which is the ſame 
Thing, each Area being multiplied by its correſ- 
ponding Part of the Depth, the Sum of the Pro- 
ducts Will give the Content of the Tun in Gallons, 
if it ſtands perpendicular to the Horizon: But if 
the Tun ſtands inclined; then ſo much Liquor 
muſt be meaſured therein, as will be ſufficient to 
cover the Bottom, and at the Place where the 
Depth of the Tun was found (which is always 
taken at the intended Dipping-place), take the 
Depth of the Liquor which covers the Bottom; 
that being ſubtracted from the whole Depth, 
leaves the neat Depth of the Tun. 

If the Difference of the Croſs-Diameters of a 
Veſſel is preity conſiderable (i. e 4, 5 or 6 c. 
Inches, more or leſs, according to its Magni— 
tude); then every practical Gauger, who is more 
ſolicitous for Truth than Expedition, will have 
Recourle to the gencral Method of equidiſtant Or- 
dinates (Sect. XII.): There being no other Me- 

thod, 
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thod, that I know of, for determining, with ſuch 
an amazing Degree of Certainty, che Vieaſure of a 
curvilineal Figure, whoſe true Form (or Property) 
is unknown. | 

Now to quarter a Tun, or to obtain Croſs-Di- 
ameters of any Veſſel of a circular Form, in any 
Part of its Altitude, proceed chus. 

With a Chalk-Line and Piummet, at the loweſt 
Part of the Tun, ſtrike a ſtraight Line on the Side 
thereof, from the Buttom to the Top ; then with 
a Dimenfion-Rod take the Diameter of the Tun 
at the Bottom, multiply that Diameter by .707, 
(lee Pa. q.), the Product will be the Side of the 
inſcribed Square, very nearly, with which the Tun 
may be quartered at the Bottom : And by the very 
fame Method of proceeding, the Tun (or Back) 
- may be quartered at the Top; then let Marks be 
made with Chalk at each Quarter, both at the 
Bottom and Top, and ſtrike ſtraight Chalk-lines 
from thoſe Marks ; the Veſſel will then be pro- 
perly quartered, and Croſs-Diameters may be taken 
at any aſſigned Diſtance from the Bottom. 

It may be proper to obſerve, that by Means of 
quartering a round Tun (or any inclined circular 
Veſſel) both at the Top and Bottom, we get the 
irus Croſs-Diamerers at any Part of its Depth; 
which otherwiſe could not be obtained, unleſs the 
Veſſel was fixed perfectly upright, or with its Bot- 
tom parallel to the Horizon. | 

It is moreover to be obſerved, that, when great 
Exactneſs is required, the Number of Areas, 
in every Veſſel (whether ſtraight or curve: ſided) 
ſhould be ſuch, that the Increaſe of the Croſs- 
Diameters (or Dimenſions) may rot exceed one 
Inch: — In Order to ob ain which, in a ſtraight- 
ſided Veſſel; divide the Altitude thereof by the 
Difference of the top and bottom Diameters (or 
Dimenſions), and the Quotient will be the per- 

pendicular 
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pendicular Diſtance which the Croſs-Diameters, 
Se. are to be taken from each other.“ 

If a Veſſel is to be tabulated for the dry Inches, 
it will be proper to begin from the Top, to mark 
out and take its Dimenſions ; and from the Bot- 
zom, when it is to be tabulated for wet Inches. 

When the Difference of the top and bottom Dia- 
meters (or Dimenſions) of any ſtraight - ſided Veſ- 
ſel is but ſmall; then the Diſtance of the Croſs- 
Diameters, c. may be ſet off upon the Side, 
without ſenſible Error: But, when that Difference 
is large, we muſt, in Order to have the true Diſ- 
tance of the Croſs-Diameters Sc. on the Side, 
take the following Method : — Meaſure the ſlant 
Side of the Veſſel, and multiply the Length there- 
of by the intended Diſtance of the Croſs-Diame- 
ters (or Dimenſions) ; divide the Product by the 
perpendicular Depth of the Veſſel, and the Quo- 
tient will be the Diſtance of the Croſs-Diameters, 
Sc. meatured on the ſlant Side. 

Note. It is both more expeditious and certain, to 
mark the Sides of any Veſſel, where the Dimen- 
ſions are to be taken, with a Pair of Compaſſes (ſuch 
as are uſed by Coopers, Fc. ), than by any other 
Method that has yet occurred to me. 


EXAMPLE, 


Let the Depth of a Diſtiller's round Waſh-Back 
be 61.8 Inches, the Drip, or Depth of the Li- 
quor, at the intended Dipping-place 1.2, and the 

Croſs- 


_—_— _ 


If the Altitude of any ftraight-fided Veſſel be denoted by end the 
Difference of the top and bottom Dimenſions by d ; then it is evident (by 


. fimilar Triangle:) that 4: @ 1 1 (viz, one Inch) : S the perpendie 
cular Diſtance of the Dimenſions, | 
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Croſs-Diamete:s as be} w; requued the Content 
of this Veſſel in Wine Gallo, 


Inches, Diam, Diam. Area. Callons, 
32 (6 Inches fr the Top) 52.8... 51,6 ., 9.26 . . 111.13 
3 (1 rom the Ter)... 53:5 « » 52.5 + 9.55 « 95-5 
10 (27 rom the Top). 54.3. . 535 + « 6.87 , 48.70 
10 (37 from the op), . 55.0 » « 54-4 « . 10.17 101 70 
1c (47 from the Top). 55.9 « . 55-4 + + 10.56 . . 104 60 

8.6 (56.3 fr. the Top) * 3 56.6 2 50.3 9 Þ 10,33 33 92 138 


Dig y: Tf Ü—5d,;ßß/«7—ͤf— 900 &: 10 C0 
Depth RES ate — „60 Fo: BL Content 615.753 
Wane Gallons, 


Groſs Depth 61.8 Gal, 
Drip 1.2 10 


— 


Neat Depth 60.6 


The Manner of finding the foregoing Areas Sc. 
is extremely eaſy: Thus, for Inſtance, the Sum 
of the two Croſs-Diameters at the Top being 
104.4, the Half of which is 52.2 the Diameter 
at 6 Inches from the Top of the Veſſel; then 
againſt this Diameter, in the Table of Wine 
Areas, we have 9.26, which being multiplied by 
12, gives 111.12 Wine Gallons, the Content for 
the firſt 12 Inches from the Top of the Back. By 
the very ſame Method the other five Areas, Ce. 
were obtained. 

In Order to form the preceding Work into a 
Table, whereby the Quantity of Liquor in the 
Back, at any Number of dry Inches, may be 
known by Inſpection; proceed thus: From the 
whole Content 615.75, ſubtract the Area in the 
Middle of the firſt ;z2 Inches from the Top (i. e. 
9.26) and the Remainder 606.49 will ſhew the 
Quantity in the Back at one Inch dry; again 
from 606.49 takeg.26, the Remainder 597.23 will 
be the Quantity in the Back at two Inches dry; 
and by proceeding in the ſame Manner for 10 In- 
ches more, we ſhall get the Quantities of Liquor 
in the Back, at 3, 4, 5, 6, Fc. to 12 Inches dry, 

From 
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From the Quantity at 12 ory luches, ſubtract 
the 2d Area, -v:2. 9.55, and from the Remainder 
take again the 24 Area, and io on, ill we come 
to the 2d Inch; then proceed with the 3d, 4th, 
5th, and 6th Areas, ſucceſſively, till we get the 
Quantity in the Back at 60 dry Inches; from 
which Quantity take ths of the 6th Area, and 
the Remainder will be 10 Gallons (the Drip] if 
the Work is right. 

Though it may, perhaps, be reckoned more 
elegant to determine the Meaſure of the Drip, or 
Fall, of a Tun, &c. by Computation, than to 
cover its Bottom (with Water) by a known Mea- 
ſure; yet I cannot but think (becauſe the Inclina- 
tion of a Tun, when fixed, is ſo very ſmall) that 
the latter Method is far more eligible, both with 
Reſpe& to Expedition and Exactneſs, than to 
make uſe of a Quadrant, or any other Mathema- 
tical Inſtrument, to determine this /mall Inclina- 
tion ; and afterwards to have the Meaſure of the 
Drip to find, by a very troubleſome Computation: 


The OPERATION for a TABLE of dry Inches, 
in Gallons, Sc. 


Inc.] Gallons. | Inc.] Contin. 
Full | 615.75] 5 569.45 
i. A| 9.26 9.26 

I| 606.49 6] 500.19 
9.26 | 9.26 

2| 597-23] 7 559-93 
n 9.26 
3] 587-97] 8 541.07 
9.26 | 9.26 
4578.71 9] 532-41 
9.26 | 9.26 


R Inc. 
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Croſs-Diameters as be} *; rcquized the Content 
of this Veſſel in Wine Gallo''s, 


Inches. Diam. Diam. Ares. Fallon. 
12 (6 Inches fr the Top) 5z. 8. 51. 6. 9.26 . 111.13 
20 (1 rom the Ter)... 53:5 « 52.5 9.55 « 95-50 
10 (27 from the Top). 54:3. . 535 + 9.87 48.70 
10 (37 fromthe op-). 55.0. . 54.4. . 10-17 . 101 70 
1c (47 from the Top). . 55.9 . 55-4 + + 10.56 . 056 bo 
8.6 (56.3 fr. the Top). $56.6. . 56.3 . . 10.83 , . 92 138 
Drip 1.2 OO Te mis oO f EET WEE TEL LW TT 0 C0 


Depth 61.8 28. 5 © +» ©» Content 615.758 


Wine Gallons, 
Groſs Depth 61.8 Gal, 
Drip 1. , 10 


Neat Depth 60.6 


The Manner of finding the foregoing Areas Sc. 
is extremely eaſy: Thus, for Inſtance, the Sum 
of the two Croſs-Diameters at the Top being 
104.4, the Half of which is 52.2 the Diameter 
at 6 Inches from the Top of the Veſſel; then 
againſt this Diameter, in the Table of Wine 
Areas, we have 9.26, which being multiplied by 
12, gives 111.12 Wine Gallons, the Content for 
the firſt 12 Inches from the Top of the Back. By 
the very ſame Method the other five Areas, e. 
were obtained. 

In Order to form the preceding Work into a 
Table, whereby the Quantity of Liquor in the 
Back, at any Number of dry Inches, may be 
known by Inſpection; proceed thus: From the 
whole Content 615.75, ſubtract the Area in the 
Middle of the firſt 12 Inches from the Top (i. e. 
9.26) and the Remainder 606.49 will ſhew the 
Quantity in the Back at one loch dry; again 
from 606.49 takeg.26, the Remainder 597.23 will 
be the Quantity in the Back at two Inches dry 
and by proceeding in the fame Manner for 10 In- 
ches more, we ſhall get the Quantities of Liquor 
in the Back, at 3, 4, 5, 6, Sc. to 12 Inches dry, 
From 
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From the Quantity at 12 ory luches, ſubtract 


the 2d Area, v.. 9.55, and from the Remainder 
take again the 2d Area, and io on, ill we come 
to the 2d Inch; then proceed with the 3d, 4th, 
5th, and 6th Areas, ſucceſſively, till we get the 


Quantity in the Back at 60 dry Inches; from 


which Quantity take *;ths of the 6th Area, and 
the Remainder will be 10 Gallons (the Drip] if 
the Work is right. | 

Though it may, perhaps, be reckoned more 
elegant to determine the Meaſure of the Drip, or 
Fall, of a Tun, &c. by Computation, than to 
cover its Bottom (with Water) by a known Mea- 
ſure; yet I cannot but think (becauſe the Inclina- 
tion of a Tun, when fixed, is ſo very ſmall) that 
the latter Method is far more eligible, both with 
Reſpect to Expedition and Exactneſs, than to 
make uſe of a Quadrant, or any other Mathema- 
tical Inſtrument, to determine this ſinall Inclina- 
tion ; and afterwards to have the Meaſure of the 
Drip to find, by a very troubleſome Computation: 


The OPERATION for a TABLE of dry Inches, 
ix Gallons, Sc. 


Inc.] Gallons. Inc.] Contin. 
Full | 615.75] 5] 569.45 
1. A| 9.26 9.26 

I| 606.49] 6 360.19 
9.26 |  - 9.26 

2| 597-23] 7] 559-93 
Me $5 .... 9.26 
3] 587-97] 8 541-07 
9.26 | 9.26 

41 578471 9] 532.41 

| 9.26 9.26 


= 
a 
* p —U•U— U—ͤM we —— — — —— 


„ 
0 & ” 
. 
* 
- 
* 
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IO 


11 


hy 


Inch. Contin. 
523.15 
9.26 


513.89 
9.26 


Inch. 
26 


Contin. 


Inch. 
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42 208.73] 52 103.13 
5. A. 10.606. A.| 10.83 


— — - 


43] 198.17] 53] 92-30 


10.6 10,83 

44] 187.61] 54] 81.47 
10.56 | 10.83 

45] 177-05] 55] 70-94 
10. 56 10.83 
46] 66.49 56] 59.81 
10.56 10 83 


—— — . w GUœV - — 


471 155-93] 57] 48.98 


10.56 | 10.83 

48] 145-37] 58] 38-15 

I 10.56} - | 10.83 

49] 134-51] 59] 27-32 

| 10.56 10.83 

500 124.25] 60| 16.49 
10. 56 6.49 th of 


510 113.69] 60.6] 10.00 L10.83. 
10.56] 1.2] 10. Drip, 
61.8] 00, 


It is to be obſerved, that, in tabulating any 
Veſſel, there is no Neceſſity for writing down (as 
above) the Area at every Inch; but only to enter 
it on a ſmall Piece of Paper, and move it down- 
wards as we ſubtract, or add, according as the 
Table is to be made for the dry, or wet Inches : 
And, that we may proceed with more Certainty, 


it will be neceſſary to examine the Operation, at 


every different Area, in the following Manner. 


R 2 Whole 


- — 


— 
2 a=. Wo cw DT fà——— ES — 
= 


r ̃ ům&n»Q]!mꝑ ²˙ĩ1,w⁵ M! ꝗ — —— 
2 
% 
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Gallons. 
Whole Content, ſee Pa. 120. 615.75 
Subtract 12 times the top Area 111.12 


Remains, at 12 Inches dry, 504.63 5 
Subtract 10 times the 24 Area 95.50 


At 22 Inches dry 409.13 5: 
Subtract 10 times the 3d Area 98.70 


_ 


At 32 Inches dry 310.43 8 
Sudtract 10 times the 4 Area 101.70 


— 


| At 42 Inches dry 208.73 
Subtract 10 times the 57h Area 105.60 


* REI EE =" 
a 


At 52 Inches dry 103.13 
Subtract 8.6 times the 66 Area 93.13 


Remains the Drip, or Fall, 10.00 


It may be proper to obſerve here, that, though 
the whole Content of this Veſſel is fri#ly 615.758 
Gallons, it was needleſs, in forming the pre- 
ceding Table, to carry on the third Decimal (8); 


ſince it is very evident, that the Concluſion at 


60.6 Inches would have been the very ſame as is 
exnibited in the Table: For, at 60 Inches, we 
ſhould have had 16.498; from which taking 
6.498 (i e. Fzths of 10.83), leaves 10 Gallons 
(the Drip). as before: Moreover, inſtead of 103.13 
at 52 dry Inches (as above), we ſhould have had 
103.138; from which ſubtracting 93.138 (i. e. 
8.6 times the 6th Area), the Remainder will be 

10 Gallons ; the ſame as before. | 
It may be alſo neceſſary to obſerve, with Reſpect 
to forming a Table for wet Inches, that the Deci- 
mal 
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mal Parts, which may happen in the whole Depth 
of any Veſſel, muſt be conſidered in the top Area, 


and the Drip muſt, conſequently, be taken out 
of the Inches (a whole Number) correſponding 


to the Bottom Area; by which Means a Table 
may he formed to two Places of Decimals, and 
the Operation proved, ftri#ly true, at every diffe- 
rent Area; which otherwiſe could not be per- 
* without finding the Content of the 

eſſel, and tabulating the ſame, to three Places 
of Deeimals. | 

Sometimes the Poſition of a Diſtiller's Waſh- 
Back, &c. is ſuch, that it is found neceſſary to fix 
the Dipping-place thereof, ar ſome certain Diſtance 
above the Top of the Back, which Diſtance is 
called the Curb; and, to avoid unneceſſary Trou- 
ble in tabulating the Veſſel, it is always taken a 


whole Number, in [nches.—Suppoſe, in the pre- 


ceding Example, there had been a Curb of 9 In- 
ches; then, at the Time of taking the Dimenſions 
of the Back, we ſhould have written down, 


Whole Depth 70.8 
Curb 9.0 


Groſs Depth of the Back 61.8 Gal. 


Drip 1.2 10 


— 


Neat Depth 60.6 


Moreover, in tabulating a Veſſel where there is 
a Curb, inſtead of beginning at Full (as in the 
preceding Table), we muſt begin as follows : 


Inches. 
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Inches. Gallons, 
Curb 9 . . 615.75 
10. . 606.49 


11. . 597.22 
12. , 587.97 
Sc. as before. 


If the foregoing Dimenſions were thoſe of a 
Brewer's round Guile-Tun; then the Method of 
finding its Content, and tabulating the ſame, would 
differ but little from that above exhibited. 

For if from the whole Content, found in Barrels, 
Firkins, and Gallons (and to two Decimal Places 
of a Gallon), we ſubtract the top Area, reduced 
in like Manner; the Remainder will ſhew the 
Quantity, in Barrels, Firkins, &c. in the Tun at 
one Inch dry: Proceed in the ſame Manner to 
find the Quantities at the 2d, 3d, 4th, c. dry 
Inches; and likewiſe with the 2d, 3d, and 4th, 
Sc. Areas.—This Method will, I apprehend, be 
ſufficiently illuſtrated by the following Operation. 


To take the Dimenſions of a Copper with a riſing 
Crown , to find its Content, and tabulate the ſame 
in Barrels, Firkins, &c. 


It is well known that Coppers and Stills are 
always fixed with their Bottoms ſomewhat inclined 
to the Horizon, their loweſt Part being at the 
Cock, for - more Convenience of draining off 
the Liquor; but this Inclination being ſo very 
ſmall, that the Figure of the Surface of the 
IL. iquor, at every Altitude, may be conſidered 
as a Circle without any (ſenſible) Error reſulting 
therefrom ; therefore the Dimenſions may be ta- 
ken in the following Manner. 

Suppoſe 
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Suppoſe the Fi- f 
gure ACDEF to F 2 
repreſent a Cop- We 

r when fixed, L 
and A the Place Y 
of the Cock; 8 | =D 
through C, the J ! 2 
Center of the MW. — 
Crown, extend a — —5 
Piece of Pack- 

Thread in ſuch a Manner, that the perpendicular 
Diſtances An and Du may be equal to each other, 
and let Marks be made, on the Sides of the 
Copper, at M and P; allo extend a ſmall Cord 
(or Pack-Thread EF) diametrically over the Top 
of the Copper, and with one End of the Dimen- 
ſion-Cane on the Center C, find the neareſt Diſ- 
tance to the ſaid Pack-Thread EF; that Diſtance 


(viz. BC) will be the internal Altitude of the 


Copper, 

Now let the Copper be quartered, at the Bottom 
and Top, by the Method already laid down in 
Page 117, for a round Back or Tun, and let 
Croſs-Diameters be taken in the Middle of every 
6, 7, 8, 9, 10, Se. Inches of the Altitude BC, 
beginning from the Top; that is, let the firſt 
Croſs-Diameters be taken, either at 3, 3.5, 4, 
4.5, Or 5, &c. Inches from EF; and the ſecond 
Croſs-Diameters either at 9, 10.5, 12, 13.5, or 
15 from the Top, and ſo on, towards C: Then 
ind, by the Table, the Areas ia Ale Gallons, 
correſponding to thoſe Croſs-Diameters, in the 
ſame Manner as is laid down for Wine Areas, 
Pa. 119; thele Areas being cach multiplied by 
their correſponding Parts of the Depth, and the 


Sum of the Products, together with the Quantity 


which 


— — 


— 


— „4 — —__ _— — 
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which exa#ly covers the Crown ACD, will be the 
whole Content of the Copper ACDEF bn oh 


EXAMPLE, 


Let BC the Depth of the Copper (ſee the laſt 
Figure) 3 Inches, the Croſs-Diameters as be- 
low, and 2 Quantity of Liquor to cover the 
Crown 38 Ale Gallons; to find its Content in 


Beer Barrels, Firkins, &c, 


Inches, 


13 (6.5from the Top) 97. 
10 (18 from the Top) 95. #15 


10 (28 from the Top) 94.3 


8. 1 97.8 

6.4 96. 1 { Half the Sum of the 

3-9 { . « 94-1 { Croſs-Diameters 1 
10 (38 from the Top) 93-2 3.0 J. 


93˙1 


Therefore, by the Table of Ale (or Beer) Areas, 
Se. the Work will ſtand as follows. 


Area in Content in Arta in Content in 
| Inches. Diam. Gal. Gal. B. F. G. Pts. B. F. G. Pts 
13 + + 97.8. . 26.63 . . 346.19 , . © 2 8.61.9 2 4-19 
10. . 96.1 , . 25.72 » . 257420 + 0 2 7.2 + 7 © 5. a0 
10 , . 94-1. . ü 246.60. 0 2 6.66, . 6 3 360 
JO , « 93. 1. « 24.13 + + 241-30 - + © 3 $6.13, . 6 2 7.30 
To cover the Crown 38 —_— . If 
— — a —— 


Dep. 43 The whole Content 1129.29 6-0; »'» 8 - a 
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A TABLE of the preceding Work : The Method 
of forming of which has been already 122 in 


Pa. 126. 
ach. B. F. G. Pts. ach B. F. G. Pts 
Full 31 1 4.29 || 25113 o 8.58 
| t.Ar.2 8.632612 2 1.92 | 
| |— 27|1t 3 4.26 
1 130 2 4.66 [2811 © 6.60 | 
1 2129 3 5.03 2910 1 8.94 
1 329 © 5.40 309 3 2.28 
4128 1 5.77 319 © 4.62 
527 2 6.14 | 32] 8 1 6.96 
; 6126 3 6.51 | 33] 7 3 0.30 
1 7126 o 6.88 4.Ar.2 6.13 
825 1 7.25 | —|————— 
924 2 7.62 | 24| 7 o 3.17 
10/23} 3 7.99 | 25] 6 1 6.04 
11123 0 8.36 || 26} 5 2 8.91 
12422 1 $8.73 1375 © 2.76 
13421 3 oO. 10 | 28f 4 1 5.65 
Ja. Ar. 2 7.72 39 3 2 8.52 
| = e 
14/21 © 1.38 | 41] 2 1 65.26 
1520 1 2.66 | q2] 1 2 8.13 
16119 2 3-94 || 43} 1 o 2.00 
17]18 3 45.22 | Remains to co- 
| 18118 © 6.80 ver the Crown, 
1917 1 7.78 | 
20116 3 0.06 
2116 oO 1.34 [ 
1 22015 1 2.62 | | 
23014 2 390 | | | 
| 3.Ar.2 6.66 | 
| 24113 3 6.24 | | 
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The Method of tabulating a Veſſel, having 
different Areas at any aſſigned Number of Inches, 
is very ealy ; as in the two preceding Examples : 
Bur, when there are any Incumbrances to be de- 
ducted out of the groſs Content, ſuch as Croſs- 
Bars (or Beams), Planks, &c. frequently uſed in 
ſupporting, or repairing, the Sides of a Veſlel, 
the Operation (to proceed with Certainty) will 
*then be ſomewhat more intricate ; which I ſhall 
endeavour to explain as follows, 

Suppoſe, for Example, the mean Lengih of a 
Veſſel (in Form of a refangular Parallelopipe- 
don) to be 184.6, the mean Breadth 104.4 - 
ches, and. the Depth and Dimenſions of the In- 
cumbrances as below; required the neat Content 
in Wine Gallons, and the Method of tabulating 
the ſame. 


Inches; 
Grofs Depth 80.6 Gall, 
D r ip 2. 8 9 % 1 26 


Neat Depth 77.8 


A _— * ——_— 


Zottom of the 1ſt Croſs-Bar (or Croſs- Beam) from the? 3 
Bottom of the Back . EY "HT . : 9-5 
Length 
Breadth 9" 
Depth 4.8 
Bottom of the 2d ＋ Bar from the Bottom 40,8 
Length 99. 5 
3 3.6 
th 
— — G — — 
Two perpendicular Planks, Length (or Height) 
of each, beginning at the Bottom , , 71.5 


Covered with Water in the Diip 2.0 
— — 


Neat Length of the Plogks 69.5 
readih 12, 
Thicknefs 4.31 4. 
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184.6 = the mean Length, 
104.4 = the mean Breadth, 


—— — 


7384 
7384 
184160 


_—_—— 


231) 192 7 2.240 83.42 the groſs Area, very nearly, 
77.5 =the neat Depth, 


667 36 
38394 
58394 


—— 


6490. 0% 
Add 126. = the Drip. 


Gives 6616.076 = the groſs Content, 


Firſt Croſs-Bar, 


Length 99.5 
Breadth 3.8 


231)378.10(1.63 = the Area of the 1ſt + Bar, 
4.8 = the Depth, 
1304 
652 


7.824 the Content of the iſt + Bar. 


8 2 Second 


— — —— —— — — = 
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Second Croſs-Bar. 


Length 99.5 
Breadth 3.6 


5970 
2905 


231)358. 2007 55 = the Area of the 2d + Bar. 
3.4 = the — 


*** 


— 


620 
465 


5.270 the Content of the 2d + Bat. 


—— 


Two Planks. 


Breadth 12.3 
Thickneſs 2.5 


625 
2.50 


— 


— — ——— — 


31-25 . 


23 1 )62. 11 27 = the Area of both the Flanks. 
Ws. * the Length. | 


135 
243 
162 


81 7 6:=theContent of both thePlanks. 
Firſt 
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Area. Content. 
Firſt + Bar , . 1.63. 7.324 
Second -+ Bar . 1.55 . 5.270 
Planks . . 27 » 18.705 


Content of the Incumbrances 31.859 which 
being deducted from 66 16.076 the groſs Con- 


tent, leaves 6584. 217 for the neat Content of the 
Veſſel. 


Now, in Order to tabulate this Veſſel with Ceres 
tainty, proceed in the following Manner. 


Neat Depth of the veſſel 77.8 
Neat Depth of the Planks 69.5 


a 


"_— 


Top of the Planks from the T wt. OED 
TU deVelll i, > ; 8.3. 


It is very evident, that if the Depth of ei- 
ther Croſs-Bar be added to the Diſtance of its 
Bottom from the Bottom of the Veſſel, and that 
Sum ſubtracted from the groſs Depth, the Re- 
mainder will be the Diſtance of the Top of that 
Croſs-Bar from the Top of the Veſſel. 

Hence it follows, that the Diſtance of the Top 
of the firſt Croſs-Bar from the Top of the Veſſel 
is 6. 3; and that of the Top of the ſecond Croſs- 
Bar from the Top is 46.4 Inches, 

Therefore the following Method, or one ſimi- 
lar to it, muſt be laid down, as preparatory to 
the forming of this (or ſuch like) Veſſel into a 
Table of dry Inches, in Order to take out the 
Incumbrances (let them happen how they will) 
in their proper Places, /frily true. 


Names 
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n 3. — — 


* Areas ot | J ö ET 
Names ot the Incum-| the In- } Croſs Neat | | 
brances 'aken out, |cumbren- Ae } Ares, Depth. | Gallons, * 


ce 5. 
— — —— — — 


Mes Length . . . . 184.6 | '# 
Mean Breadth . . » 104.48 $3.42 3 6.3 E 346 


Firſt Croſs Bar 1.62 1614 27.79 3-0 (63.530 
* 3.44" 

{ Firſt Croſs-Bar and 1.65 4554 $1.53 2-6 228.256 | 

| Planks les: 6s 77 33.4 1 

Planks „„  -4 27 .z7 3 35-3 2935195 


Second Croſs Bar ? 155 1.82 5 $1.60 3-4 277. 440 


and Planks 27 


Pliaks . . + +» 27 83.15 | 28.0 2328. 200 


Drip 0 "WE. 2.8 126. 


| | 80.6 [6584.217 
Content. 


—_ 


— — — — 


It will be unnecefſary to form the preceding 
Work into a Table of dry Inches, ſince the Me- 
thod of Operation is, very nearly, the ſame as 
that in Pa. 121 ; the only Difference, or Difficul- 
ty, will happen ar the Alteration of the different 
Areas; which I ſhall here endeavour to explain. 
PFrom the whole Content 6584.217 ſubttact the 
gro's Area 83.420, and from the Remainder take 
again. 83.420, and ſo on, 6 times ſucceſſively ; 
then, for the Quantity at 7 Inches, proceed thus: 
— To F;ths oi the Area 83.42 add 7.ths of 
81.79, this Sum being ſuhtracted from the Quan- 
tity at 6 dry Inches, leaves that at 7 dry Inches: 
Alſo for the gth Inch, we muſt ſubtract, from 
the Quantiry at 8 Inches, the Sum of sths of 
81.79 and {ths or 81.523 and for the 12th Inch, 
ſubtract the Sum of th of 81.52 and ths of 
83.15, Sc. This will appear very evident from 
the follow ing Method; which Method (ſee Pa. 
124) will be found very uleful in proving your 

Work. 


Whole 
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Whole Content 6584.217 
Subtract 52. 46 


Leaves, at 6.3 In. dry, 6058.67 1 
| Subtract 163.580 


At 8.3 Inches 5895.091 : | 
Subtract 228.256 | 

At 11.1 Inches 5666.93 | | 
Subtract 2935-195 | 


— I —— ö 


At 46.4 Inches 27 31,6% 
Subtract 277.440 


At 49.8 Inches 2454.200 
Subtract 2328 200 


At 77.8 Inches 126 S the Drip, or Fall 


If the Diſtances of the Tops of the Croſs-Bars 
from the Top (or Bottom] of the Veſſel, and 
their Depths, are all taken (or ſuppoſed) whole 
Numbers; the Operation, for forming a Table 
6f dry (or wet) Inches, will then be greatly 

ſhortened : But it is certainly much more maiter- 

| ly, and ſatisfactory to an inquiſitive Mind, to ta- 
bulate the Content of ſuch a Veſſel, from the 

Diſtances and Dimenſions of Croſs-Bars as they 

are actually taken, than to ſappoſe them .3, .4. or 

perhaps {ths more or lels than the Truth, in 


Order to avoid a little mare Trouble in the Com- 
putation. 


PR ot] 


_ 


— 2 r ˙ ˙ OO OOO POO NDO—Ooooo—C— CORO = 


— Oe I N Oo oo - 
_ - 
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PR Or. VI. 


To ind the Content in Ale and Wine Gallons, and 
Malt Buſbels, of a Veſſel (called a Priimoid) whoſe 
parallel Ends are any diſſimilar Rectangles, and the 
Sides of it are four plane Surfaces, 


GENERAL RULE. 


To the longeſt (or ſhorteſt) Side of the Rectangle 
at either End, add that Side at the other End 
(whether it be the Length or Breadth) which is pa- 
rallel to it; multiply this Sum by the Sum of the 
other two parallel Dimenſions (i. e. one at the Top 
and the other at the Bottom), and to the Product 
add the Areas of the two Ends; this Total being 
multiplied by the Height (or perpendicular Alti- 
tude), and the Product thereof divided by 1692 
for Ale, 1386 for Wine Gallons, and 12902.5 for 
Malt Buſhels, gives the Content ſought. * 


EXAMPLE. 


Suppoſe there is a Tun, whoſe parallel Ends are 
Rectangles, the Length and Breadth of the Top 
26 and 32, the Length and Breadth of the Bottom 
(being, in this Caſe, reſpectively parallel to thoſe 
above) 48 and 40, and the Height 60 Inches; 
”— the Content of the Tun in Ale Gallons, 

a 


OPERATION. 


—— — —_— — — — 
6 —— * *  Þ . 


TT - 


Gs an” ta „ 22 


There is a very elegant Inveſtigation given in Sigſen's Fluxrons, 2d Ed. 
Pa. 170, for determining the Content of a Priſmoid, when the Sides of the 
Rectangie at one End, are leſs than the parallel Sides of the ther : And from 
the ſame Method of Reaſoning (ſuppoſing à and b to denote the Length and 
Kreadth of the Rectangle at one End, c and d the Sides of the Rectangle at 
The other, parallel to thoſe of à and 5 reſpectively), it will appear that the 
Theorem which that illuſtrious Auther hay there given is general, let the 
relangyular Ends be what they will. 
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orion. 


54 The Length at the greater End 48 
The Length at the other End which-{in 36 
this Caſe) is parallel to that above Fo. | 

| San 84. 


The Sum of the other exo p ,ardtlel Dimen- 
ſions, or * (in this Caſe) an 7 


137 


168 
588 


product 6048 

The Area of the greater End ( e. 48 

mulciplied by 485 * 
The Area of the Jeſs End 

(i. e. 36 multiplied by FT . 


Tora! 9120 2 
Multi iplied by the Height 60 | 


— — 


547200 
1692) 54200. 000 323.41 Ale Galions. 
1386)547200.00(394.80 Wine Gallons, 
12902.5)547200.00{42.4 Malt Buſhels. 


Some Authors have aſſerted, that the ſame Rule 
which gives the Content of a Priſmoid, will alſo 
hold 5 in any ſtraight- ſided Veſlel, whoſe 
parallel Ends are diftimilar Ellipſes, and any- 
how poſited ; or if one End is an Ellipſis and the 


other a Circle :* But ic appears an this Aſſertion 
T is 


* = 2 th ti. 1 


Þ Ler the Ellipfis ABCD (Fig. VI.) repreſent the Baſe of the Solid, and 
the Circle df the Top thereof; alſo let 5eap repreſent a Plane of the 
Section of the Solid, cut any-where parallel to its Enes: Then, drawing a 
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is without proper Foundation, and ſeems to have 
ariſen wholly from the following Suppoſition; 


a. 
2 


Diameter EF, it is very evident, (becauſe the Sides of the Solid in every 
Plane conceived to paſs through the Centers of the Ellipſis and Circle are 
Right-lines) that it will be, as Be : ed :: Em : mb (:: C: ac :: Dp 
3 22, Sc.) let the Poſition of the Diameter be how it will; or, by Compo- 
Gtion, Bered ; ed :; Emmb : mb; . Bd: de :: Eb: mb, No let 
the given Semi. tranſverſe OC==a, the Semi-conjugate OB, the Radius 
Ob==r, Obz=d, the Abſciſſa ax, and the Ordinate mn=y: Moreover, 
let Bd be to de (or Eb to mb), in every Poſition of the Diameter EF, as 


I to » Then d—-x=—=On, and I * = On; ** Via +5* 
— -—=ind, whence 2: 1 2: 21 + y* — „ 2 
— — — — 92 = Eb, conſequently Vi — X) +y* — - 

by — 


* 


eee, OX; then, by tale Triangles, "4A" +9 (Om) : 
. 


n 
7 d=x\* oþ y* 
— - r X d=—x 


= — — — OG; i ſimilar Tri 
( -- VI oj p OL by riangles, 


«„ 


2 —x* +32 (On): — +3 —r+ mm (OE) :: y (mn) + 
1 


Sr | — — 
R rr. — ; 


„ r 
; 2 
but, by the Property or the Ellipfls, EG?” ( Qs Xx AO+OG & 


OA 


— — 
- , X d-—x 


E 70 at * r ny 


the Equation of the Curve beap ; which, ay it returns into itſelf by the. 


Nate of the Section, is of the Oval Kind, 


C4h3-0444 Do oomom 
a . 4 
Hence it appears, thaty if ry o the aboye Equation becomes r. * 


{ 
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namely, if in any Priſmoid another firaiohtfided 
Veſſel (or Solid) be inſcribed, whoſe Ends are Ellipſes, 
the Tranſverſe and Conjugate Di ameters of each, reſ- 
pettively equal to the Lengths and Breadths of the ſaid 
Priſmoid ; that then the Seftions parallel to the Ends 


T 2 of 


r 


r „ 
42 - on, = 23 or, by ſubſtituting — for n2 (becauſe, in 


that Caſe, rad, for u : 1 :: d=-r ; ar), we ſhall then have == * 


122 az a? „ C&S 3—— 
42 — 4 —x = NR hence yi ——= X 2da — x?, 


anſwering to the Property of an Ellipſie, and ſimilar to the giren one 
ABCD: But if I, or mn coincides with EG, then d==a, and there - 


2 — 
fore the laſt Equation becomes v2 = —＋ X za — x?, anſwering to the 


' Senor nu. 


The Nature of the Curve beap is the very ſame as that which may 
be conceived to be deſcribed about an Ellipſis, Gmilar to the given one 
ABCD, in ſuch a Manner, that the Diſtance between the two Curves, 
meaſured in the Radius-VeQor, may be every-where equal to a conſtant 
Quantity: For let OE C Fig, VI.) be R, and bE=R—-r; Then 12 :3 


RF : R— X — 9 5 . KX#) On the 
Radius - Vector z whence it is plain that the fitſt Term (R) expreſſes the 


Radius of an Ellipſis fimilar to ABCD, and the ſecond Term (I Mr is 2 
conſtant Quantity: But it may be proved in a general Manner, ſuppoſing two 
concentric Ellipſes deſcribed, having the Difference of the Conjugates equal 
to the Difference of their Trabſverſe Diameters, that the Diſtanec between 
the two Elliptic Arcs, meaſured in any other Diameter, is greater than the 
Difference of the Semi- conjugates, or Semi-tranſverſes, _ 

By the ſame Method of Reaſoning; #v in the preceding general Inveſtipa- 
tion, it will be tound that the Figure of the Section, parallel to the Ends of 
the Solid, can never be an Bllipſis, unleſs the ſaid parallel Ends were fimilar 
Ellipſes, and fimilarly poſited ; i. e. the Tranſverſe and Conjugate Diameter 
of each End, reſpectively parallel to one another; which Cireumſtanee can 
only obtain when the Solid is the Fruſtum of an Elliptic Cone: I ſhall only 
farther add, that the Curve (forming the Figure of the Section) will be of 
the ſame Order, whether the Ends of the Solid are diffimilar Ellipſes, and 
fGmilarly pofited ; or fimilar Ellipſes, and diffimilarly poſited z i. e. the 
Tranſverſe Diameter of one Bad parallel to the Conjugate of the other : 
But if the parallel Ends of the Solid are diſſimilar Ellipſes, and ſo poſited 
that neither the Tranſverſe nor Conjugate Diameter of one End is paraliel 
to thoſe of the other End; then the Equation of the Curve, of the fore» 


mentioned Section, will be the moſt complex. 


"—— — — —— 2aU—U — — — — - = 


S/ut——o—. wy - wm 


>= — bUbß — ͤ gn 
— — CEE — 


140 IATIAEAT ISI of Sect, VIII. 
of ſuch a Solid, will alſo be Ellipſes — But, that this 
cannot be the Caſe, the preceding Note will (I make 
no Doubt) ſufficiently convince every judicious 
Reader.—lIt may, however, be proper to obſerve, 
that the Content of a Tun of this Form may be 


obtained with the greateſt Expedition, by the 


eneral Rule laid down farther on (derived from 
— Property of equidiſtant Perpendiculars, Cc.) ; 
and the Reſult will be ſufficiently exact, if the Sec- 
tion in the Middle be conſidered as an Ellipſis: For 
the ſaid Rule is frily true in every firaight-fded 
Veſſel; provided the Meaſure of the two Ends, 
and that of a parallel Section in the Middle, can 
be truly determined. — This will be demonſtrated 
farther on. 3 


P R O pP. VII. 


To find the Content of -a Sphere in Ale and Wins 
Gallons, and Malt Buſbels. 


R u 1 z. e 

The Cube of the Diameter of the Sphere being 

00 18967 Jfor Ale Gal. | 

|-0024666 {Vin Gal. hordvided 
0002433 J Malt Buſh. 

538.58 for Ale Gall, | | | 

by | 441.17 {Win Gall. will give the Con» 

1410. oO] Malt Byſh. . * = Er 

tent ſought. 85 


multiplied by 


* 


Ex AML x. 


Required the Content of a Sphere (in Ale Gals 


lons, Ce.) whoſe Diameter is 48 Inches. 


OpzRaT0N, 
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OPERATION. 


Ps att 
The Cube of the Din. 410592 


226 58)110592.0000(205. 34 Ale Gallons; 
441,17)110592.0000(250.22 Wine Gallons: 
4107)110592.00 ( 26, 92 Malt Sulhely, 


By ohe Slding-Rute 1 

23.2 

To = 2 D, ſet 48 on C; then again 
41 


205.34 
48 on D, we ſhall have 1 250. af the above Con- 
; 2 6,92 | 
tents on — 


Becauſe the content of every Sphere is 2ds of 
its circumſcribing Cylinder, it is evident that the 
above Multipliers muſt be only 3ds of thoſe for 
the Cylinder (ſee Pa. 83), and conſequently the 
Diviſors for the Cylinder, muſt be likewiſe ds of 
thoſe for the e 

There 


- -. ——— « = 


———— _  —— ——c 


TOS ?œ— - 
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There is another Way (beſides that given above) 
of ſolving this Queſtion by the Siding-Rule, de- 
duced from Prop. 6, Pa. 50, to which I refer; 


and only obſerve here, that the three given Num- 
bers (in this Caſe) are 


(1, 48 and .0018 567 for Ale Gallons; 
<4 1, 48 and . 0022666 > Wine Gallons. 
I, 48 and . 002433] Malt Buſhels. 


PRO. VIII. 


The 7. ranſverſe and Conjugate Ares of a Spberoid 
being given; to find its Content in Ale Gallons, &c. 
(See Def. 29, Pa. 59). 20 9919 * 


R Uu 1 z. 


Multiply the Square of the Conjugate, by the 
Tranſverſe Axis; and that Product being multi- 
plied, or divided, as in the laſt Propoſition, gives 
the Content ſought. r 

g 
ExaMyetes, „ 


Let the Conjugate Axis of a Spheroid be 24.5 
and the Tranſverſe 38 Inches; required its Content 
in Ale and Wine Gallons, and Malt Buſhels. 


OrzR AaT1ON; 
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OPERATION. 


3 7 24.5 
: 24.5 
3 
122 
980 
490 


The Sq. of the Conjugate 600. 2 5 
Tranſverſe 38 


— 


| 480200 
180075 


538.58)22809.5000(42.35 Ale Gal. 

441.17)22809.5000(51.7 W. Gal. 

| 4107)22809.50 (5.55 M. Buſh. 

Becauſe every Spheroid is equal to 3ds of its 

circumſcribing Cylinder; therefore the Method of 
Operation is the ſame as that for the Sphere. 


By the Sliding-Rule. 


23.2 


To 5 on D, ſet 38 on C; then oppoſite 
64.1 


42.35 
24.5 on D, we ſhall have by | the above 


5455 
Content on C. 


PR OP. IX. 
The Altitude of the Segment of a Sphere, and the 
Diameter of its Baſe being given , to find its Con- 
tent in Ale Gallons, &c. 


Rus; 
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To the Square of the Altitude of the Segment, 
add three times the Square of half the Diameter 
of its Baſe; multiply this Sum by the Altitude, 
and the Product being multiplied, or divided, as 
in the preceding Propoſitions, gives the Content 
required.* 


Ex AUF I 2. 


Suppoſe AB the Altitude of the Segment ACD 
to be 12, and CD the Diameter of the Baſe 32 
Inches; required its Content in Ale and Wine 
Gallons, and Malt Büſhels. 

OPzRATION, 


- - 
— 
= — 4 
pd 5 — —_4 — 
- 6 - * 


© Let the Dißmeter CD (Fig. VII.) = @ {$==3.1416), CE==x, and 
DES d=x ; Then EF* =D EC) = 1 the Fluxion of 


the Segmett FCH is bandes, he Fivent whneof h K — =, 


or p X =, the Content of the Segment FCH: But, ſuppoſing EF to 
be denoted by d, we have, by ſimilar Triangles, aX x'= a- h (FC:), 
5 = which being ſubſtituted (above) for a, we get p X 


—— — 


—— | . or x TN the. Solidity of the Segment 


| Lo G9 6 
FCH ; but © = .g2y6, „ge S538. 58, and a = .0018567, 


Q. I. 


ConotLany, 

den if x be taken (== the Gals Diamater CD), then is Aro 
and conſequently the above Expreſſion becomes E = the Content of the 
whole Sphere: But the Content of a Cylinder, whoſe Diameter and Height 
each == CD, is expreſſed by =; whence it is evident that 8 Sphere is 


two-thirds of its citcumſctibing Cylinder, 
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Op ERATTOV. 


The Square of che Altitude 144 
3 times the Square of (16) the Semi-baje 768 


Pn” | 
* 


Sum 912 
Altitude 12 


—— 


9 2 


1824 
912 


ML — 


10944 
538.58)10944.0000(20.32 Ale Gallons. 
441.17)10944.0000(24.80 Wine Gallons, 

4107)10944.0000(2.66 Malt Buſhels. 


PR OP. X. 


The top and bottom Diameters, and the Altitude 
of the Fruſtum of a Sphere being given; to find its 
Content in Ale Gallons, &c. b 


RLE. | 


To half the Sum of the Squares of the top and 
bottom Diameters, add ds of the Square of the 
Altitude; this Sum being multiplied by the Alti- 
tude, and the Product divided by 3594 294, and 
2738, will give the Content in Ale and Wine Gal- 
lons, and Malt Buſhels reſpectively.“ 

\ U Note. 


8 ˙ WI 4 2 1 . 4 


—— —— 


* Thiz Rule is very elegantly inveſtigated in Simpſcn's Flations, 1/ Ed. 


Ps. 211 


146 


Note. 77 75 IR: < 


A TzxEaTISE of Sect. VIII. 
is of great Uſe, in gauging 


of the globular Pari of a Still, as will be exemplified 


farther on, 


EXAMPLE. 


Let the bottom Diameter CD (ſee the preceding 
Figure) be 34, the top Diameter EF 16.5, and 


the Altitude B 


7.2 Inches; to find the Content 


ot the Fruſtum CHF in Ale Gallons, Sc. 


OPERATION. 
Bottom Diam. 34 Top Diam. 26.5 


34 16.5 
136 825 
I O2 990 
— — — 163 
1136 3 
| 272 25 
Add 1156 
The Sum of the Squares of p "Ye 
the top and bottom Diam. 8 


2 _—_ 


Half of which is 714.12 5 


zds of the Square of 7,2 is 34 56 
Sum -48.685 
Altitude 7.2 
1497370 

5240795 


Product 5390. 3320 


92 


27338) 5390.330190 Malt Buſhcis, 


Alt. 7.2 
7.2 


PR O Rn. 
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The Tranſverſe and Conjugate Axes of a Spheroid 
being given, and alſo the Height of a Segment there- 


of ; to find its Content in Ale Gallons, &c. (See Def. 
32, Pa. 60). | 


RU. 


Divide the Product, contained under the Con- 
jugate Axis and the Altitude of the Segment, by 
the Tranſverſe Axis, multiply the Square of 
that Quotient by the Difference between three 
times the Tranſverſe Axis and twice the Alticude 
of the Segment; this Product being mul.ipiicd, 
or divided, as in the Sphere (Pa. 140), gives the 
Content ſought.“ 


EX AMS» IL E. 


Suppoſe the Tranſverſe Axis AB of a Spheroid 
to be 80, the COT CD 60, and the Altitude 


2 Bu, 


— 9 * * 


* It is proved, by the Writers on Fluxions, if the Diameter (or Axis) 
about which the Spheroid is ſuppoſed to be generated, be put = 4, the other 
Diameter == 5, and p—=3.1416, that the Meaſure of a Segment, whoſe 


8 52 2 
Altitude is == x, wilt be expreſſed by L- x 2 * 


2127 — — «C2 6 , 
— X 34—2x : But 5 = 5236, and —— = -0018567; theres 
1 bx 7 23 
| — — 1 2X 
fore .6013567 * — x (er — ) will expreſs 


538 58 
the Meaſure of a Segment in Ale Gallons, Q. E. I. 


Con Sb AT 


If x be taken = a, we ſhall have .oor8 567 X ab* for the Meafure of the 
whole Spheroid, which is two-thirds of ,0027851 x ab?, the Maaſu e of 
Cylinder (in Ale Gallons) whoſe Diameter is b, and Altitude a. : 


| 
| 
| 
ö 
' 
| 
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Bu, of the Segment 4Bf, to be 16 Inches; requi- 
red its Content in Ale and Wine Gallons, and 
Malt Buſhels, 


OPERATION. 


Alt.oftheSeg.16 
Conjugate 60 


80)960(12 
80 4 


— Three times AB is 240 
Twice By is 32 


* 
„ 


3 4 


Difference 208 
Multiply by the Sq. of 12 (found above) 144 


832 ; 
832 
208 


Product is 29952 5 


* 


538.58) 299 52. 0000055. 61 Ale Gallons. 
441.17) 2992.000067. 91 Wine Gallons, 
4107) 2992.00 (7.29 Malt Buſhels. 


PR OP. XII. 
The Altitude, and the Diameter of the Baſe of a 


Parabolic Conoid being given; to find its Content in 
Ale Gallons, &c. (See Def. 30, Pa. 59). 


Rur. 
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R Uu E. 


The Square of the Diameter of the Baſe, being 
multiplied by half the Altitude; and the Product 
divided by 359, 294, and 2738, gives the Con- 
tent in Ale and Wine Gallons, and Malt Buſhels 
reſpectively. 


EXAMPLE. 


Suppoſe the Diameter of the Baſe to be 68.5, 
and the Altitude 42 Inches; required the Content 
in Ale Gallons, Sc. 


OPERATION. 


68.5 
68.5 


— ů — 


3425 
5480 
4110 


— 


The Square of the Diam. 4692. 2 5 
+ the Altitude . 21 
469225 

938450 


— 


3 59098 537-25(274-47 Ale Gal. 
294398537-25(335-16 W. Gal. 
2738)98537.25(35.98M.Bulhels. 


PMR O pP. XIII. 


. The top and bottom Diameters, and the Aiitude 
of the Fruſtum of a Parabolic Conoid being given; to 
find its Content in Ale Gallons, &c. 


Rur. 


* 


oe 
- 
— — — eee . . ¶ : . —— , DC eee ee ee . ⁵⅛⏑⅛:§3. 6˙Ü¼'—öůͤ ̃⁵ ⅛ ⁰ẽ6ͤvr ̃ —•! 
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Ru l. E. 


The Sum of the Squares of the top and bottom 
Diameters being multiplied by half the given Al- 
titude ; and the Product divided by 359, 294, and 
2738, giyts the Content in Ale and Wine Gal- 
lons, and Malt Buſhels reſpectively. 


EXAMPLE. 


Let the greater Diameter of the Fruſtum of a 
Parabolic Conoid be 45, the leſs Diameter 27, 
and che Altitude 40 Inches; what is the Content 
thereof in Ale Gallons, Cc. 


OPERATION. 


45 27 
45 AE | 
225 189 
180 54 
© 2025 729 
Add 729 


n 


The Sum of the Squares 
of the Diameters 127 54 
_ + the Altitude. 20 


55080 


359)55080.00(153-42 Ale Gallons. 
— 55080. 00( 187.34 Wine Gallons, 
2738) g 580. 00020. 11 Malt Buſhels. 


Te 
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To take the Dimenſions of 8 STILL, and to find its 
Content in Wine Gallons; and alſo a Method for ta- 
bulating the ſame, to every Inch of its whole Depth, 


Suppoſe ABCDO 
to repreſent a Still 
when fixed, and A 
the Place of the 
Cock; upon O, the 
"ORE rh ello 
(which is eaſily diſ- 
tinguiſhed, byaſmall þ 
Dint made by the 
Copper-Smith}, ap- 
ply theSliding- Piece* ,.F 
lo that the perpen-„ — 
dicular Diſtances An A. > 10 
and Du may be equal to each other, and let Marks 
be made at r and 4, as already deſcribed in the 
Gauging of a Copper, Pa. 126; then lay a ftraight 
Rule (or Rod LL) diametrically over the Top 
of the Collar of the Still, and with the End of 
the Dimenſion-Cane on the Center O, find the 
neareſt Diſtance to the ſaid Rule LL, and that 
Diitance (viz. 40) will be the whole Depth; from 
which, the Depth of the Collar being ſubtracted, 
we ſhall obtain PO the internal Depth ot ne 
Still: Now, the Dimenſion-Cane being kept exact- 
ly ia the Poſition 20, with the Help of your 
Aſſiſtant, let the Vlumb-Line be extended as a Dia- 
meter IK, exactly at che Seam which 1s forined by 
Joining the globular Part to the Body of the Still; 
and meaſure the Diſtance MO, which being taken 
from the whole internal Depth PO, leaves PM 
the Altitude of the globular Part IEFK, 


Quarter 
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Quarter the Still at the Bottom, and alſo 
at the Altitude QM, by the Method laid down 
(Pa. 118) for a circular Veſſel : Then in Order 
to draw four chalk Lines up the Sides of 
the Still, ſo that ir may be every-where truly 
quartered, proceed thus. Stick a ſmall Piece of 
lighted Candle on m the Center of the Crown, 
and let the Still be darkened at the Top; then a 
Piece of Pack- Thread (or the Plumb-Line) being 
extended from 1 to I, will form a Shadow on 
the Side of the Still, along which draw a chalk 
Line. — Proceed in the very ſame Manner for 
the other three Lines. 

Let Croſs-Diameters be taken in the Middle of 
every 6, 7, 8, 9, or 10, &c. Inches, more or 
leſs, according as the Body of the. Still differs, 
leſs or more, 1 a cylindrical Form; then find 
the Areas in Wine Gallons correſponding to theſe 
Diameters, multiply the Sum of the Areas by 
their common Diſtance aſunder (ſee Pa. 117), 
and the Product will give the Content of the 
Body of the Still rIKs; to which add the Content 
of the globular Part IEFK (found by Prep. 10. 
Pa. 145), and alſo the Quantity which exa#ly 
covers the Crown, and we ſhall then obtain the 
whole Content of the Still AEFDO. 

Note. It will be always proper to take an even 
Number of Areas in every Veſſel, whoſe greateſt 
Diameter is at the Middle of its Length; ſuch as 
Caſks, Stills, &c. otherwiſe one of the Dimenſions 
will fall in the Middle, by which Means ſuch Veſ- 
ſels would be over-gauged. 


Nets, 
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Note. I cannot but acknowledge my Obligations 
to the late Mr. 7 homas Stephens,* Inſpector-General 
of the Loxv DON Diſtillery, for the above Method 
of drawing the four chalk. Lines up the oides of tne 
Still; and alſo for communicating to me, ſome 
uſeful and ingenious Hints, relative to taking the 
Dimenſions of this, and other Veſſe!s. 

Let the Altitude PM of the globular Part (ſee 
the preceding Figure) be 9 Inches; and let the 
Croſs-Diameters at the Top and Bottom of the 
ſaid globular Part, and alſo he taken in the Body 
of the Still be as follow, 


Inches, Croſs-Diameters, AR Lg Gallons, 
27.0. « 27-0 } Content of the globular Part, 
Ak. PMg.o 56.3 I found by Prop, 10. Pa. — 61.21 
W. Areas, 
9 . . 59-1. . bog , « » 12:11 « » 108.99 
9 . # 63.8 * © 64.1 "EY Was 13.88 Hs WER 124-92 
9 . +» 04-2 + + 0445 «© » 14.8. © © 12645 
10.6 . 62:1.» 2.5 » » » 1399 +» » » » 148.29 
To cover the Crown 36. oo 
Depth GM 46,6 
2 The whole Content 605.86 
W. Gallons, 
Creſi Depth 49.3 
Collar 3.2 
x Internal Depth 46.6 
Depth of the Body 47.6 0 
Altitude of the globular Part 9. o 
f To cover the Crown 36 Gallang, 
X The 


— 


PO "ITY 


Oren ena 


The Sliding-Piece (Pa. 151, contrived by this Gentleman) is very 
uſetul in taking the Croſs-Diameters of a Copper, or Still. It conſiſts of two 
Rods ſliding one by the other, in the ſame Manner as a Pair of Calipers, 
and when drawn out its Full Length (ſee Fig, VIII. in the Plate) is 62 Inches: 
On one Side are graduated Inches and Tenths, and on another are the cor- 
reſponding Wine Areas ; at about one and two Inches from each End (more 
or leſs, according to the Siz2 of ſuch Inſtrument) are two equal ſquare Holes, 
to which are fitted two ſmall Pieces to ſlide therein, marked with Inches and 
Tenths from the Bottom (ſee the Figure); theſe ſerve to take a true Diame - 
ter directly upon the Center of the Crown, as 78. (See the Fig. Pa. 151). 


; 
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The Method of tabulating the Body of a Still 
(or indeed any Veſſel which is ſuppoſed to have one 
common Area, or a certain Number of different 
ones) is the very ſame as that given for a Diſtiller's 
Waſh-Back, Pa. 120; to which it may be proper 
to refer. — But, to determine the true Quantity 
upon every Inch of the globular Part, we muſt 
previouſly find the Square of the Semi- diameter of 
that Sphere to which the ſaid globular Part correſ- 
ponds; in Order thereto, oblerve the following 
general 


R u L E. 


Divide the Difference of the Squares of half the 
top and bottom Diameters by twice the Altitude 
of the Fruſtum, from the Quotient ſubtract half 
the ſaid Altitude, and the Remainder will be the 
Diſtance between the Middle of the greater Dia- 


meter and the Center of the Sphere;“ the * 
0 


Let PF (I the leſs Diameter, fee the following Fig.) = a, KM 
== + the greater Diameter) == 6, the Altitude PM c, and the required 
Diſtance OM = z ;. whence (by 47. Ex. 1.) ca za EHT 23-462, 


Lz MMA, 


Tf the Terms © Arithmetical Progreſſion { either aſcending or deſcending } 
be jquared, and 2 of in a Series; = wil the Des of — — 
Adjacent Terms of that Series, form another Arithmetical Progreſſion, wwheregf 
the common Difference will be expreſſed by twwice the Square of the common Diffe= 
rence of ths firſt Progreſſion, 


For any Arithmetical Progreſſion, whoſe firſt Term is , and the common 
Difference n, will be expreſſed by m, Tun, Tas, Tzu, 
 ++mi3qn, + &c. whereof the Square of each Term is, m*, Tann 
5 +m*ttamnb u, Tema -en, T nien, + Cc. 

1e ore * 

The Differences of the two adjacent Terms will form the following Se- 
ries, viz. Kim n, Cam 4$4nt, Tzu zu, Kann, + Sc 
the common Difference of wh.ch, is evideatly 2n%, QE. I. 

8 " 
CorOLLARY, 
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of which being added to the Square of half the 
greater Diameter, gives the Square of the Semi- 
diameter of the Globe ſought. (See the following 
Figure). SS pug 5 | 
In the preceding Example EP (or PF) is 13.5 
\ : * 8 $3.8 -- 


/ EGG 


— 


140625 
56250 
28125 
225000 
$6250 
The Sq. of 2 p | 
the bott. Diam. J /9 1275925 
Subtract 182.25 


18)608.765625(33.82 
4:5 = + PM. 


| 29.32 = MO. 
Add PM 9. oo 
Gives PO 38.32 
X 2 Then 


— — — — 
4 Cos OL TLAR xv. 


— 


If, inſtead of the Differences of the adjacent Terms of the 1ſt Progreſſion, 

we diſpoſe of the Differences of the xſt and 3d, the ad and gth, the 3d and 

th, the 4th and 6th, &c. Terms into a Series; we ſhall then Have 

2, Kan- -n, Eamnbrnn*, Eammtr16n, Sc. the com- 

mon Difference whereof (inſtead of 228) is manifeſtly 4; that is, four 
times the Square of the common Difference of the firſt Progreſſion, 
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Then the Square of 29.32 (MO) is 859.6624 
Add the Square of 28.125 (KM) 791.0156 


Gives the Sq. ofthe Semi-diam. OK (OI) 1650. 6780 


Having ob- P 
tained the Sq. r ; 
of the Semi-di- 
ameter of the £m 
Sphere, whereof 1 "*KiAZ 
the Segment IE 2 
FK is a Part; 
then, in Order 
to inch i: down, 


oblerve the following Method. 


1; To half the Square of the leſs Diameter 
EF, add twice the Difference between the Square 
of the Semi- diameter OK, and the Square of Om 
(viz. PO leſſened by one Inch), to this Sum add 
.6666 Sc. (i. e. 3); multiply this laſt Sum by 
,0034, and the Product will be the true Conte 
of the firſt Inch, in Wine Gallons. i 

2. From the Square of the Semi-diameter OK 
ſubtract the Square of Or (viz. PO leſs two In- 
ches), and from twice the Remainder take half the 
Square of the top Diameter EF, multiply the Re- 
mainder by . oog4; then add this ProduZ to the 
Quantity upon the iſt Iach (found as above), and 
the Sum will give the true Meaſure of the 2d 
Inch. 

3. Let the laſt mentioned Product be reſerved, 
from which take. 0272, f reſerving the Difference, 

which 


kc. — Ty ** r » RENE "Ons" 


— — * 


K 


_ 


—_ 


+ Let IabK C Fig. IX.) repreſent the Fruſtum of a Sphere, O its Cen- 
ter; draw OM perpendicular to 4%; take Muri, Mraz, MS==3, and 
| Me 
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which being added to the Quantity contained in 
the 2d Inch (found as above), gives the Quantity 
for the 3d Inch: Again, from the reſerved Diffe- 
rence take .0272, add the Remainder to the 3d 
Inch, the Sum will give the Quantity for the 4th 
Inch : Proceed in the ſame Manner to find the 
Quantity for the 5th, 6th, 7th, &c. to the laſt 
Inch of the globular Part: See the following, 


OPERATION. 


* 


* 
— 


— — 


Mu = 4 Inches: Then (by Prop. 10) the Meaſure, in Wine Gallons, 
of the 1ſt, 2d, 3d, and 4th, Sc. Inch from the Top is expreſſed by 


ab? 


cd * 1 
2 — 7 2 ＋. 6666 Xx 0034. 


of 2 
— + — + . 6666 X 40034, 


— 52 
— * — + 6666 X 0034. 


— * — + 6666 Xx 0034+ 
&c, 


Hence it appears, that the accurate Increaſes of the 24 Area (ecdf) from 
theft, the 3d from the ad, and the 4th from the 43d Area, Sc. are reſ- 
pectively equal to the Increaſes of half the Square of the 3d Diameter (ef) 
from the 1ſt (ab), the 4th (gb) from the ad (, and the 5th (it) from 
half the Square of the 3d (ef) ; or, which is the ſame Thing, the Increaſes 
of the 2d Area from the iſt, rhe * the ad, the 4th from the 30, Cc. 
are equal to the Decreaſes of 2072 2OM?, 20.2 from 20m, Cc. Now, 


by the preceding Corollary, 20M3—2 * OM =. Ieſi 2X OM— 14 — 
2 X UI )* 1, s (becauſe u, in this Caſe, =2, and *,* 2X 28); 

conſequently the Difference between 2 * OM?—0r3 and 2 X OM*—0nR; 
er (which is fill the ſame) the Difference between 2 K 7/ * I 


2 52 1 2 
2 — =) and 2 X 46% — md* fr AIAN... 4 = 8: Which 
2 2 2 2 
being multiplied by .0044 (in Order to reduce it to Wine Meaſure), gives 
+0272, the common Addend, or Subtrahend, according as we begin to inch 
the Fruſtum at its greater or leſs End. Q. EI. 


- 
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OPERATION: 


Half the Square of 27 the leſs Diameter 
EF. o:. . 3645 


— 


— 


a (Square of the Semi-diameter ; 
es above) is 1650. 6780 
he Square of 37.32 (On) is 1392. 7824 | 


Difference | 257. 8956 
Multiply th 2 


515. 7912 
Add 364.5 


ä 880.2912 | 
Add 0666 


880. 9578 
Multiplied by 0 


36238312 
„ 
— 
Gives the true Quantity for he 

iſt Inch from the Top. tek. 2. 99525652 


The 
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The Sq. of the a 

(ſouad above) is 1650. 6780 
Sub. the Squ. of 36.32 (Or) 13 19.1424 


Remainder 331.53 56 
The Double of which is 66 3.072 
Subtr. + the Square of 27 (EF) 364.5 


Remainder 298.5712 
Multiply by .0034 


— 


119428 ; 
89571 


Reſerved Product 1.015138add to the 
Subtract .o272 [lilt Inch. 


Inch. ] V. Gallons.|Reſerved Dif. .9879 add to the 


A. FR a AS AG. AE. Di yes TTY 


I 2.9952] Subtract . 272 [2d Inch. 
Add 1.0151 TD 
* 10 .9007 add to the 
Add os Sub. .0272 [zd Inch. 
3 | 4.9982 9335 add Sc: 
— Sub. 0272 . 
14 5.9589 - 
Add 9335 906g 
5 6.5924 Sub. .0272 
Add 9003 — — 
6] 797957 8792 
| Add .8791 Sub. .0272 
| 8.0778 8 
| 4 Add 851 49 
| — Sub. . 0272 
18 9.5297 — 
| Add $247 8247 
191 10.3544 


| 
| 
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It muſt be allowed, that, in the preceding Method 
of gauging a Still, a very ſmall Error may ariſe, ' 
on Account of a little Inclination which is uſually 
given to it, when fixed, as was obſerved in Pa- 
126: Nor indeed is there any Method, that 
I know of, for gauging an inclined Still, but 
what is liable to ſome Objection.— For, even ſup- 
poſing we take the Croſs-Diameters parallel to the 
Horizon, and conſider the Surface of the Liquor, 
in any Part of the Body of the Still, to form an 
Ellipſis (inſtead of a Circle), we ſhall then find 
that the Content of the globular Part of the Still 
cannot be truly determined by the general Rule 
given for that Purpoſe : Beſides, the Line PO (lee 
the Fig. Pa. 151) will not, in that Caſe, be the 
true Depth of the Still ; for that will be repreſented 
by the perpendicular Diſtance of two horizontal 
Planes, one paſſing through the higheſt Point in 
the Crown, and the other through the loweſt Point 
at the Top of the Still; which Dimenſion, though 
differing but very /ittle from the Diſtance PO 
(rid. Fig. Pa. 151), ought to be truly known; 
but that, indeed, would be very difficult (if not 
impracticable) to effect. 

Since we cannot determine, where the globular 
Part of a Still commences ; it may be proper to 
obſerve, that, in tabulatiog the whole Content, 
much Labour will be avoided, it the Alticude of the 
globular Part be taken a whole Number, and the 
Decimal Parts (if any happen in the whole Depth) 
be conſidered in the Bottom Area: See Pa. 133. 

Some Authors conſider the riſing Crown ot a 
Copper or Still, in the Form of the Segment of a 
Sphere, and alſo the Part ArO. DA (ſee the Fig. 
Pa. 151) as the Fruſtum of a Parabolic Conoid or 
Cone; and therefore the Quantity of Liquor to 
cover the Crown will then be determined by the 

foregoing 


* 
2 
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foregoing Prop. i. e. by ſubtracting the Meaſure 
of the Part AO DA from that of ArOsDA : But, 
on Account of the Difficulty of obtaining the tre 
Diameter and Altitude of the Crown (even ad- 
mitting the two Figures to be as above repreſent- 
ed), I apprehend that iba? Quanti.y may be found, 
with much moe Certainty and Expedition, by 
covering (as exact as poſſible) the higheſt Point 
of the Crown with Water, ana then carefully 
drawing off the ſame, into a Veſſel whole Meas» 
ſure is iruly known. 

Note. It very frequently happens the Depth 
(or Altitude) of a Veſſel is ſuch, that the Croſs- 
Diameters, Cc. cannot all be taken at equal Diſ- 
tances from each other; or, which comes to the 
ſame Thing, the ſaid Nepth cannot be divided, 
without a Remainder, by the Number of Areas 
neceſſary (and ſufficient) to be taken: In that Cir- 
cumſtance, I apprehend, it will be the beſt Way 
to conſider ſuch Remainder in the uppermoſt Arca, 
as that Part of the Veſſel will be che leaſt ſubject to 
cauſe an Error, in any Charge which may ariſe 
from it; not only on Account of the Surface of 
the Liquor ſeldom reaching that Area, but becauſe 
ftraight-ſaded Veſſels (as Guile-Tuns, Waſh-Backs, 
Sc.) generally ſtand upon their greater Ends. (See 
Pa. 120). | | 

Before I cloſe this Section, it may be proper to 
mention (what was accidentally omitted in Pa, 
118), that the beſt Method of obtaining the trus 
Depth of a Veſſel at the Dipping-place is, with 
a Plumb-Line, thus. — Rub the Bottom of the 
Plummet well with Chalk, &c. by which Means, 
when the Plumb-Line is let down from the intended 
Dipping-place, you will readily diſcover a Mark 
made on the Bottom of the Veſſel ; upon which 
Mark the End of the Dimenſion-Cane mult be 


placed. 
Y SECTION 
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Or CAS RER-GAU GING. 


- 


T has been a general Cuſtom, with Authors on 

this Subject, to include among the Varieties 

ot Caſks, thoſe of the following Denominations; 

namely, the Fruſtums of two Parabolic Conoids, 

and Cones, each of theſe abutting (as it is uſually 
termed) upon one common Baſe, 

But it is well known, from common Experience, 
that every cloſe Caſk, whether Pipe, Butt, Hogs- 
bead, Sc. and of what Variety ſoever, is always 
found to have a Continuity of Curvature at the 
Bulge, and not to form there an Angle (or ſharp 
Ridge); which will be actually the Caſe, if we 
conceive a Caſk to be formed either of two Fruſ- 
tums of Parabolic (or Hyperbolic) Conoids, or the 
Fruſtums of two Cones : Therefore, as no ſuch 
Caſks as theſe are ever made, it cannot, I preſume, 
be dzemed a Crime to expunge thoſe two Varieties 
as they have hitherto only embarraſſed the Subject, 
puzzled” the Learner, and even rendered every 
Perſon, concerned in Caſk-Gauging, more liable 
to fall into Error. 

There is another conſiderable Imperfection in 
this Branch of Gauging, of which it may be pro- 

r to take Notice. | 

It has been afferted by many Authors, who have 
treated on this Subject, that there is no Rule, or 
Method, can be given, whereby a Perſon can, with 
any Degree of Certainty, determine the Variety of 


the Caſk ; that is, whether a Caſk is in the a 
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of the Middle Fruſtum of a Spheroid, Parabolic 
Spindle, or Hyperbolic Spindle. | 

It is true, indeed, no Rules can be given for 
determining the exact Form, or Variety, of the 
Caſk ; but I preſume thoſe which I am going to 
offer, if duly attended to, will be tound of ſin- 
gular Uſe, as they will readily diſcover to us, 
what Variety any Caſk, very nearly, approaches to 
that is, whether the Caſk may be taken as the 
Middle Fruſtum of a Spheroid, or of a Parabolic 
or a Hyperbolic Spindle. | 

Some Authors direct us to judge from Expe- 
rience of the Variety of the Caſk : Others divide 
the Difference between the Spheroidical Caſk, and 
that compoſed of the Fruſtums of two Cones, 
into three, or four, equal Parts ; and then attempt 
to lay down Rules for determining theſe different 
Varieties. 

But (even admitting it poſſible that a cloſe Caſk 
could be formed of the Fruſtums of two Cones) 
theſe Rules appear to be arbitrary, and to have no 
Foundation in Science; and likewiſe ſeem to be 
derived from a Suppoſition that al! Spheroidical 
Caſks are the Middle Fruſtums of ſuch Spheroids, 
whoſe Tranſverſe and Conjugate Axes are in ſome 
conſtant Proportion ; or, which amounts to the 
ſame, that every Spheroidical Caſk has the ſame 
Degree of Curvature; buta very imall Knowledge 
in Conic Sections will be ſufficient to convince any 
One, that there is a vaſt Number of different 
Forms of Ellipſes, and conſequently Spheroids. 
— I thought it would be proper to mention this 
laſt Circumſtance, in Order to rectify an Error 
which many practical Gaugers are apt to fall into, 
by tmagining that a Spheroidical Caſe may be known 
by the Proportion of its Bung and Head-Diame- 
ters; or by that of its Bung- Diameter and 


Length. 
1 2 Although 
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Although it may be ſaid, that the following 
Method is too tedious for ordinary Practice, or 
tor the Officer to aſcertain by it; the Variety of all 
the different Caſks which daily fall under his In- 
ſpeCtion ; yet I dare venture to affirm, that whoever 
will take the Pains to make themſelves acquainted 
with the following Directions, will not only be able 
to diſtinguiſh, very nearly, the true Variety of the 
Caſk ; but will, moreover, have a better Idea of 
it, even by ⁊ iewing the ſame, than by any Method 
hitherto delivered for that Purpoſe. 

T he different Forms of Caſks, with Regard to 
Curvature, may be juſtly comprehended under 


theſe four Denominations, | 
Viz. The [ Elliptic Spinde. äꝛ y 
Middle ] Spheroid . . .. 1 Variety. 


Fruſtum] Parabolic Spindle þ 2d Variety. 

of the { Hyperbolic Spindle J 3d Variety. 

But as it very ſeldom (if ever) happens, that a 
cloſe Caſk is found to contain more than the Mid- 
dle Fruſtum of a Spheroid ; it will therefore be 
unneceſſary to give any Examples of the Elliptic 
Spindle: And I have purpoſely omitted the Cir- 
cular Spindle, on Account of the near Affinity it 
bears to the Spheroidical Caſk ; beſides, the Rule 
for determining its Content is far too intricate for 
practical Uſe. 


To take the Dimensions of a ſtanding Caſt; and an 
expeditious, general, Methoa of determining, very 
nearly, the true Variety thereof. 


Let AEFBDCA repreſent a Caſk ſtanding upon 
one Head, with its Axis (ar) perpendicular tothe 
Horizon. — Firſt take with your Rule the Diſ- 
tance from the Inſide of the Chimb (cloſe to 
the Head) to the uppermoſt ſlope Edge of the 

oppoſite 
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oppoſite Staff p G Emm Q 
that Diſtance — e, AN is 
will meaſure the 8 : El 


Head- Diameter 6585 
within the Caſk, 7 
very nearly. 
Ihen lay any D 
ſtraight Rule (or A 
Rod PQ) on 

the Top of the 
Caſk, paſſing o- 


«an 
1 
— om 


— — 
— Eee 


— — 
— — — — 
—— — 


nnen WS 
DANN, WEN ga Nv 


———ů— 
— 


= 
Zi 
ver the Center E” | 
) of the Head, = | 3 
and let a Plumb- i 
Line, with a ; 


Nooſe at one End, be ſlid backward and forward 
on the Rod (PQ), till it juit couches the Bulge of 
the Caſk at A; meaſure, carefully, the Diſtances 
from the Nooſe (G) to the out- ſide of each Chimb 
at E and F, and from their Sum (i. e. the Sum 
of GF and GE) take twice the Thickneſs of a Staff 
at the Bulge of the Caſk (as your Judgment directs, 
according to the Size of the Caſk) and the Diffe- 
rence will be the required Bung-D.ameter AB. 

It is unneceſſary to give any Directions for ta- 
king the Length of a Caſk in chis Poſition, ſup- 
poling there io be a Hole in the top Head. 

But, to determine the Variety of the Caſk, 
proceed this. — Let æth of the internal Lengch 
oi the Caſk be ſet off, trom the Bulge (A) towards 
either Head, on the Piumb-Line (GAa), or 
rather, upon any ſtraight Rod, placed exa'y 
in that Poſition; that is, let Am be equal to 
th ot the internal Length ot the Caſk: Then, 
if the perpend'cular Diſtance (mn) from the Red 
to che Caſk be equal to jth of the Difference 
berween the Bung and Head D.ameters, the 
Caſk is extremely ncar it not exactly) the 
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Form of the Migdle Fruſtum of a Parabolic 
-Spindie ;* But if it be leſs than 3th of the Diffe- 
rence of the Bung and Head-Diameters; the Caſk 
will be greater than the Middle F ruſtum of a Para- 
Bolic Spindle, f and therefore may be taken as a 
Spheroidical Caſe : And if the ſaid Diſtance (mm) is 
greater than th (and leſs than th) of the Diffe- 
reace of the ſaid Diameters; the Caſk, being then 

| leſs 


LEMMA 1. 


®* Jn every conical Patabola (Fig. X.), if any two Ordinates be drawn 
parallel to each ather and perpendicular to the Axis CQ, ſo that on: AE may 
be the Double of the other Hb ; then will one Abſciſſa CE be exactly equal ts 
four times the other Cb. 


For, by the Property of the Curve, CH: CE :: Hh? : AEZ; but, by 
2 AE =2Hb ; *,* AEZ = 4H4* ; conſequently Ch: CE (2 
2 : 4H) : 1: 4 Q E. I. 


LEMMA 2. 


Þ+ In every Elligſis ( Fig. XI.) if any two Ordinates be drawn parallel to 
the Tranſverſe Aris, in ſuch a Manner, that one EF may be the Double of the 
ether Hb; will one Abſciſſa CF be, always, greater than four Times the 


other Cb. 


Let the Tranſverſe and Conjvgate Diameters of any Ellipſis be denoted 
by m and z reſpeRtively ; alſo let C = x and CF =y: Then, by the 


2 


Property of the Curve, we have nx—x> Xx — = H4?, and alſo ny—y? 


_ | 
Xx Erz; but, by Hypcthefis, EF = 2H6 ; »,* EFZ AH ö, and 


therefore 2nx—4x? = ny—y* : Hence it is very plain, that if y be taken 

equal to (or leſs than) 4x, the above Equation is impoſſible ; for it becomes 
(by ſubſtituting 4x for y) qnx—4gx*=zax—16x?, or x=2x, which is 
ab/urd : But if, inſtead of , dx be wrote in the above general Equation, 
ſuppoſing d to repreſent any Number (whole or broken) greater than 4. ; 
then the ſaid Equation becomes a poſſible one, from whence the Value of x 
(and that of ) may be determined, Q. E. I. 

Hence it-appears, that the above Property obtains in a Circle ; that is, 
if in any Circle, two parallel Chords be ſo drawn, that one is the 
Double of the other; then the Verſed Sine of the greater Segment, will 
be always more than four Times the Verſed Sine of the leſs: The Truth 
of which may be, eaſily, made out, from a Conſideration independent of 
Algebra, 
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leſs than a Parabolic Spindle, I may be conſidered 
of the 3d Variety, or the Middle Fruſtum of an 
Hyperbolic Spindle. 


To take the Dimenſions, &c. of a lying 
Caſk, x 


Let ACDBFEA repreſent a Caſk lying with 
its Axis parallel to the Horizon: The Head 
and Bung-Diameters are here obtained in the fame 
Manner, as the Head-Diameter and the Length 
were in the ftanding Caſk before-mentioned. 

The moſt expeditious Way of taking the Len gih 
is, with a Pair of Calipers; but as it cannot be 
expected that every One, concerned in the Arc of 
Gauging, is furniſhed with this Inſtrument, I ſhall 
therefore lay down the following Method. 

Apply any ſtraight Rod (PQ) to the Eulge of 
the Caſk, in ſuch a Poſition, that a Plumb 7 ine, 

being 


— —_— 


LEMMA ;. 


t If too Ordinates (Fig. XII.) be drazon in any Hypo» Gola, perpoodiculay 
to the Axis CO, ſo that one EG may be the Double of the other eh; then v 
ene Abſci//a Cb be, alu, greater than 5th of the other Abſc;//a CG, ana leſs 
than one ralf thereof 


Let the Tranſverſe and Conjugate Diameters of any Hyperbola be denoted 
by m and z reſpeCtively ; alſo let Ch g, and CG : Then, by the Property 


— 2 
of the Curve, we have m- X _ = e462, and likewiſe 7 d x 


1 * 


ros; but, by Hypothyfc, EG a; . EO 42, conſe 


quently my-Fy*==4mx4-4x2 : Henee it is evident, if, inſtead of y, there be 
wrote dx, (for 1: d::x:y ), the above general Equation beeomes 


gmx+4x*=dmx+d*x*, or Am A4 m dx, whence x = — 3 
DG, 

hence the Value of x may be found; provided 4 repreſents any Number 

(whole or broken) leſs than 4 and greater than 2 ; otherwiſe, :. :s very 


plain, the Equation would be a5urd ; Hence alſo the Truth of the Lemma 
is manifeſt, Q. E. 1, 


- 


1 — —_— — 
- - — — — 
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being ſuſpended on the Rod, may paſs over (p) the 
Center of the Head, and obſerve to keep the Rod 
equally diſtant from each Chimb of the Caſk ; 
This done, and the Rod being kept exactly in this 
Pofition, lay a ſtraight Rule acroſs each End of the 
Caſk, to meet the top Rod in R and S; then let 
the Diſtance RS be caretully meaſured, from which 
ſubtract the Depths of the Chimbs, together with 
the Thickneſs of the Heads (as your Judgment 
directs), the Remainder will be the internal Length 
of the Caſk. 


B 

TheVariety of the Caſk may be obtained by mea- 
furing the perpendicular Diſtance mn, and proceed- 
ing in the very ſame Manner, as above directed. 

Though it 1s demonſtrable the Property of every 
Spheroidical Caſk is ſuch, that the Diſtance n (ſee 
the Figure) may be any Quantity leſs than th of 
the Difference between the Bung and Head- Dia- 
meters; nevertheleſs, as various Curves may be 
deſcribed through the ſame three Points, this Pro- 
perty may hold good (with Regard to thoſe Points), 
and yet the Caſk may, perhaps, be a /mai/ Matter 
either greater or leſs, than the Middle Fruſtum 
of a Spheroid ; in which Form it may, however, 
be always taken, under the above Circumſtance, 
without ſenſible Error. — The ſame is to be ob- 


ſeryed, with Reſpect to the other two Varicties, 
| | Some 
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Some Readers may, perhaps, look upon this 
Method of determining the Varieties of Caſks; 
as a Matter of Speculacion only, and not to be 
regarded in Practice; but, I apprehend, its Uti- 
lity will ſo remarkably appear, in the following 
Examples, particularly in finding the Contents of 
large Caſks, as ſufficiently to obviate all Objections 
on that Head. 


EXAMPLE 1. 


Leet it be propoſed to find the Content of a Caſk 
in Ale and Wine Gallons ; whoſe Bung-Diameter 
is 32, Head-Diameter 24, and the Length 42 
Inches. 


Suppoſe, by proceeding according to the fore- 
going Directions, the Diſtance mn (ſee the laſt Fig.) 
was found to be ſomething leſs than one Inch (i. e. 
leſs than 4th of the Difference of the Bung and 
Head-Diameters); conſequently this Caſk, having 
a Property which appertains to every Spheroidicai 
Caſt, mult be gauged by the following general 


Ru l x. 


To twice the Square of the Bung, add once the 
Square of the Head-Diameter ; this Sum being 
multiplied by the Lengtli, and the Product divided 
by 1077.15 (i. e. three times 359.05) for Ale, or 
by 882.36 (4. e. three times 294-12) for Wine Gal- 
lons, will give the Content required. 


Z OPERATION, 
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OPERATION. 


Bung- Diameter 32 Head- Diameter 24 
32 24 


1024 Sq. of the 
2 H. — 576 


* —— 


— 


Twice the Squire of 
the Bung-Diameter 2048 
Add 376 


| 
| 


| 

* 
y 
1 
: 
„ 
a 
i 


Sum 2624 
Multiply by gs 2 
Length + 


— — 


— — —ꝑ 


— 


5248 
10496 


— — ——— — 
— — Aa — 
—— LORE. -x5 


— » 


1077.15)110208(102.31 = the Con- 

[tent in Ale Gallons. 

And 110208 being divided by 882.36, the Quo- 
tient will be 124.9, the Content in Wine Gal- 


lons. 
Note. In Practice we may reject the above 


Decimals in the Diviſors, without any material 
Error in the Reſult. 


* — — — — 
— — w_— — 
— - 2 — 
— — 


EXAMPLE 2, 


Wherein it 1s propoled to find the Content of a 
Caſk in Wine Gallons; whoſe Bung-Diameter is 
6g. Head-Diameter 39, and the Length 110 
Inches. 


Suppoſe, 
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Suppoſe, by the Directions given in Pa. 165, the 

Diſtance mm (lee either of the preceding Figures) 

was found to be g Inches, which is leſs than th of 

(26) the Difference of the Diameters ; therefore 

this Caſk, having the Property of every Spberoidi- 

48 muſt alſo be gauged by the laſt general 
Co | 


OPERATION. 


Bung-Diameter 65 Head-Diameter 39 


63 MM 
325 351 
390 | I 17 


The Sq. of the B. Dan 422 7 Sq. of the 
. — H. Dian. Fw” 


The Double is 8450 
Add 1521 


Som 9972 
Multiply by the Length 110 


99710 
9971 


882) 10968 1001243. 54 S the Con- 
[tent in Wine Gallons. 


EXAMPLE 3. 


Let it be required to find the Content of a Caſk 
in Ale and Wine Gallons, having the ſa:ne Length, 
Bing and Head-Diameters, as that in the «it 
Example; only let the Diſtance nn be now ſup- 


poſed equal to one Inch. 
2 2 Th 
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The Diſtance mn (ſee the preceding Fig. 0 being 
here equal to 4th of the Difference of the He 
and Bung-Diameters ; this Caſk, therefore, having 
the very ſame Property as the Middle Fruſtum of 
every Parabolic Spindle, muſt be gauged by the 
following general r= Py | 


R u L E. 

To twice the Square of the Bung-Diameter, add 
the Square of the Head-Diameter, and from this 
Sum cake f;ths (. 4) of the Square of the Diffe- 
rence of the ſaid Diameters; multiply the Re- 
mainder by the Length of the Caſk, and divide 
the Product by 1077 for Ale, or by 882 for Wine, 
and the Quotient will give the Content required. 


OPERATION. 
ke 


32 24 
32 24 
64 96 
96 48 
1024 576 
2 


Twice the Sq. of the B. Diam. 2048 
Square of the Head-Piameter 4576 


Sum 2624 
Sq. of 8 the Dif. of the 
Diam. multiplicd by. 4 


Remainder 2398.4 


107) 109 132.8010132 2 
the Content in Ale Gallons. And 
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And by dividing by 882 (i. e. three times 294), 
the Quotient will be 123.7, the Conteat in Wine 
Gallons, | 


EXAMPLE 4. 


Wherein it is propoſed to find the Content of a 
Caſk in Wine Gallons, having the ſame Dimen- 
ſions (i. e. Bung and Head-Diameters, and 
Length) as that given in the 2d Example ; only 
ſuppoſe the Diſtance n to meaſure 3.3 Inches. 


In this Caſe, the perpendicular Diſtance m (ſee 

the preceding Fig.) being, very nearly, equal to jth 
of (26) the Difference of the Bung and Head- 
Diameters; this Caſk muſt, therefore, be gauged 
as the Middle Fruſtum of a Parabolic Spindle, by 
the laſt- mentioned general Rule. 


OPERATION. 
The Sq. of 65, the Bung-Diam. is 4225 


_ — — 
— * 


| The Double of which is 8450 
The Sq. of 39, the Head-Diam. is 1327 


Sum 997 
TheSq.of 26 the Dif. of Dam. __ | _ 
mult. by .4{i.c. 676 mult. by A „ 


„ 


Remainder 9700.6 


M SETTING 53 he | eprmrth Fe 
L v1}! Py JY fie 411. 11 . 9 * 1 10 
Ld GC 
23 — — „ —: — —— > 
* 9 1 . 
970000 
2888 
C1} / \HJT) 
— — D — — — — 
2855 N 17 28 8 
D; C2} to 1 10 * 7 9 3 1 O ; 7 2 O09. 4 2 


- - 
* * 7 6 * _ ! 


. 
= | 2 24 
„ lie 


* * 
he 
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The Content of this Caſk will, by dividing by 
107%, come out equal to 990.77 Ale Gallons. 


As no general and practical Rule“ can poſſibly 
be given for finding, accurately, the Content of a 
Caſk compoſed of the Middle Fruſtum of an 
Hyperbolic Spindle, which we here denominate the 
3d Variety; therefore the beſt Way, when ſuch 
Caſks do occur, will be to have Recourſe to the 
following general Rule, which was firſt, and very 
Judiciouſly, introduced into the preſent Subject, by 
the late ingenious Mr. Robert Shiricliffe : This 

Method 


— _ 
Ld * 


- 


If it was poſſible to give as general and praſtical a Rule, for determining 
the Meaſure of the Middle Fruſtum of an Hyperbolic Spindle, as thoſe are for 
a Spheroidical Caſk, and Parabolic Spindle; the Buſineſs of Caſk-Gauging _ 
might then be juſtly ſaid to be univerſally complete; ſince the Meaſure , 
of the Fruftum of the Hyperbolic Spindle, will be ever ſome Quantity leſs 
than the Fruſ/um of a Parabolic Spindle, and greater than that of a Cone, 
the Diameters and Length being ſuppoſed the ſame in each Fruſtum. 

For let AmBC, DA { Fig. XIII.) repreſent the Fruſtum of a Parabolic 
Spindle, and AnBCrDA that of a Cone; let BE == & the Difference of the 
Diameters, and from F, the Middle of AE, draw the Perpendicular Fm ; 
alſo draw ne and mc, each, parallel to AE: Then (by Lemma 1) Bcz=F BE 
but Be==1iBE ; therefore (by Lemma 3) an Ordinate drawn from the Point 
of Interſection of the Diameter un, and any Hyperbolic Curve, paſſing 
through A and the Vertex B, may fall any-where between the Paints c and 
e ; conſequently the Hyperbolic Curve may bz continually varied, till ir be- 
comes coincident either with the Parabolic Curve AmB, or the Right-line 
ArB; and that too, without varying the Diameters AD and BC, and the 
Length AE of the aforeſaid Fruſtums; or, which is the ſame Thing, the 
Abſciſſu BE, and Ordinates AE and ne, of the Hyperbolic Curve. 

By tie very ſame Method of Reaſoning (ſuppoſing BG drawn parallel to 
AE, cutting nm produced in v) it will appear (by Lemma 2) that the Elliptic 
Curve, pathng from A to the Vertex B, cannot deſcend ſo /ozo as the Point , 
nor vet riſe ſo hig as v; conſequently no cloſe Caſk whatever (where the 
Vertex of the Curve is poſited in the Middle of the Caſk) can ſcarce contain 
more than the Middle Fruſtum of an Elliptic Spindle, nor leſs than that 
of an Hyperbolic Spind/:, under the ſame Dimenſions, i, e. Head, Bung, and 
Length. 


reer. 


Hence it appears that two Caſks, compoſed of the Middle Fruſtums of 
Hyperbolie Spindles, may have their correſponding Dimenſions equal, Ci. c, 
the Head, Bung, and Length) and vet the Contents of theſe Caſcs mar 
greatly differ: The ſame is to be obſerved in the Elliptic Spindle ; but hig 
Caſk (as before noticed) ſcarce ever occurs in Practice. 
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Method evidently follows from that of equidiſtant 
Ordinates, Cc. explained farther on. 


Note. I ſhall hereafter exhibit a Table of Mul- 
tipliers for reducing a Caſk, of this Form of 
Curvature, into.a Cylinder ; theſe Multipliers are 
adapted to a Caſk of ſuch a Degree of Curvature, 
as I found (from repeated Experiments) would 
moſt frequently happen in this Variety. 


TRE GENERAL PROPOSITION. 


Having the Length, Bung and Head-Diameters of 
a Caſk given, and alſo another Diameter taken exactly 
in the Middle between the Bung and Head; to find 
the Content of the Caſk in Ale and Wine Gallons, 


THE GENERAL Rur. 


To the Square of the Bung- Diameter, add the 
Square of the Head- Diameter, and alſo four times 
the Square of thc Diameter taken exa#ly in the 
Middle between the Bung and Head ; the Sum 
of theſe multiplied by the Length of the Caſk, 
and the Product divided by 2154.32 for Ale, or 
by 1764.7 for Wine, the Quotient will be the 
required Content of the Caſk.* _ 


Note. The Middle-Diameter is eaſily found, by 
ſubtracting twice the perpendicular Diſtance mz 
(ſee the Fig. Pa. 168) from the Bung-Diameter. 


EXAMPLE 


—Oli "I 


Or, univerſally, let the Solid be of what Form ſoever: Add the two 
extreme Areas, and four times that in the Middle together; multiply the 
Sum by one ſixth of the Diſtance of the extreme Areas, and the Product 
will be the Meaſure of the Solid, nearly, 
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EXAMPLE 5. 


To find the Content of a Caſk in Wine Gallons; 
having the ſame Bung and Head-Diameters, and 
Length, as that propoſed in the 2d Example; 
only !et-the Diſtance un be here ſuppoſed equal 
to 4.55 Inches. | 


The Diſtance mn (ſee Fig. Pa. 168) being, in 
this Caſe, more than th ot (26) the Difference of 
the Diameters; this Caſk, therefore, having the 
ſame Property as that compoſed of the Middle 
Fruttum of an Hyperbolic Spindle, muſt be gauged 
by the preceding general Rule. 


OPERATION, 
Bung-Diameter 65 
Twice the Diſtance mn (4.55) = 9.1 


The Diam. in the Middle between? 
the Bung and Head = 35.9 


* 


The Square whereof is 3124.8 1 
Multiplied by 4 


Gives 12499.24 


The Sq. of 65, the B. Diam. is 4225 
The Sq. of 39, the H. Diam. is 1521 
| Add 12499.24 
— Wen 
Sum 18245. 24 0 
Multiply by the Length. . 110 a 
— 
18243240 
1824524 


—_— 


1764.006976. 4001 137.29 
= the Content in Wine Gallons, * 
y 
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By comparing the preceding Content, with 
that found for a Caſk of the ſame Dimenſions, 
in Example the 4th, it will appear that a very 
conſiderable Error may ariſe from computing the 
Content of this (or any other) Caſk, by the uſual 
Methods of only gue/ing at its Variety. — It is, 
indeed, very certain, that this laſt- mentioned gene- 
ral Rule will give very nearly (and ſometimes accu- 
rately) the Content of any Caſk, Jet its Form be 
what it will; and the nearer the Head-Diameter 
approaches to an Equality with the Bung-Diameter, 
the leſs will be the Error: But as we now have a 
general and practical Method, for diſtinguiſhing 
the three different Varieties of Caſks ; the Con- 
tents of the two firſt may, therefare, be found 
with greater Expedition, by the Rules given for 
thoſe two Varieties ; ſee Pages 169 and 172 : 
But, with Reſpect to the 3d Variety, the general 
Rule (Pa. 175) is preferable to all that have hi- 
therto been, or, perhaps, ever can be propoſed. 


Ex AMP LE 6. 


Wherein it is propoſed to find the Content of a 
Caſk in Wine Gallons; whoſe Bung-Diameter is 31, 
Head-Diameter 23, Length 30 Inches, and the 
Diſtance mr 1.4 Inches. (See Fig. Pa. 165). 


The Diſtance mn being greater than th of (8) 
the Difference of the Bung and Head-Diameters ; 
this Caſk, therefore, being of the 3d Variety, muſt 
be gauged by the laſt- mentioned general Rule. 


A a OpERATION 
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OrERATI1ON: 
Bung-Diameter 31 
N gh. 

31 

93 


The Sq. of the B. Diam. 961 
The $q. of 23 the H. Diam. 529 


Sum 1490 


Bung-Diameter 31 
Twice 1.4 (the Diſtance mn) = 2. * 


The Diameter in the . Ll 
between the Bung and Head 


bath... 2 
3864 
2256 
564 
The Square of 28.2 is 755 2 
Multiplied by. 
Gives 3260. 96 
Add +490. 
Sum 4670. 7 


Multiply by the Length . .. . 50 


1704. 79238545 = 132. 28 

W. Gall. 

Theſe Examples, I apprehend, will be ſufficient 

| to enable the Learner to find, by the foregoing 
Method and Rules, the Variety and Content of a 


Caſk of any other Dimenſions, 
The 
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The Contents of Caſks may be truly, and mote 
expeditiouſly obtained, by firſt finding a Mean- 
Diameter; as will be fully explained in the next 
Section: But, before we enter upon that, it may 
not be amiſs to give two general Rules; one for 
determining a Diameter taken in the Midale, be- 
tween the Bung and Head- Diameters, of the Sphe- 
roidical Caſk; and the other for obtaining the 
ſame in a Caſk compoſed of the Midd.e Fruſtum 
of the Parabolic Spindle, 


P R oO p. I. 


The Bung and Head-Diameters, and the Length 
of any Spheroidical Caſk being given; to find the 
Diameter exactly in the Middle between the Bung 
and Head. 4 f 


Ru l. k. 


To three times the Square of the Bung-Diame- 
ter, add the Square of the Head- Diameter; 4th 
of that Sum will be the Square of a Diameter in 
the Middle between the Bung and Head.“ | 

A a 2 Prop. 


n 


— — 


* Let the Bung and Head-Diameters, and & the Length of any Spheroidical 
Caſk, be reprefented by b, b, and d reſpectively; alio let = repreſent.any 
Diſtance in the Axis (leſ- than d) from the Bung-D:ameter : Then the Square 
of the Semi-tranſverſe Axis of the whole Spheroid, being (by the Property 


5² à . 
pf the Curve) expreſſed by N we have (again by the Property of the 


— 


b2d 42 OY 


1 d bd 
Curve) g * (05-57 11) :ĩ— . „ 


| * bi- 51 
the Square of the Diameter, at n Diſtance from the Bung-Circle ; which 


52—5 52 12 by ** b2— 5 
FF X 1 12, or 6˙— = 2 


— 7 4 * 


8 
Which, when — (as in the above Prop.), becomes 5 — — (= 


is therefore expreſſed by 


2221 22 a 2 
— = the Square of the Diameter in the Middle between thoſe of 


4 
the Bung and Head. Q. E. I. 


180 ITREATISE of Scr. IX. 


P R O p. II. 


The Bung and Head-Diameters, of the Middle 
Fruſtum of a Parabolic Spindle being given; to find 
the Diameter in the Middle between the Bung and 
Head. | 


RL x. 


From the Bung- Diameter, ſubtract æth of the 
Difference of the Bung and Head-Diameters, the 
Remainder will be the Diameter in the Middle 
between the Bung and Head. 


EXAMPLE I. 


Suppoſe a Spheroidical Caſe, whereof the Bung- 
Diameter is 32, Head-Diameter 24, and the 
Length 42 Inches ; it is required to find the Dia- 
meter in the Middle between the Bung and Head : 
And alſo the Content of the Caſk in Ale Gallons, 
by the general Rule, Pa. 175. 


Firſt, by the Rule preceding the laſt, we have three 
times the Square of the Bung-Diameter= 3072 


The Square of 24 the Head-Diam. = 576 


Sum is 3648 


Ath is 912, the 
Square of the Middle-Diameter. 


Then, by the general Rule (Pa. 175), we have 
the following 


OPERATION; 


2 
1—„—— — 


— 


OO” 


+ This Rule is very evident from the Property of the Perabolg. (Set 
Lemma 1, Ps. 166 


. 
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The Sq. of 32 the Bung-Diam. = 1024 

The Sq. of 24 the Head-Diam. = 576 

Four times 912 the Square? 648 
of the Middle Diameter { 34 


| | Sum 5248 
Multiply by the Length . . 42 
10496 

20992 


| | 2154-32)220416(102,92= 
the Content in Ale Gallons, exactly agreeing with 
that found by the common Method. (See Example 
I, Pa. 169). 


EXAMPLE 2. 


Wherein it is required to find the Middle-Diame- 
ter; and alſo the Content in Ale Gallons (by the 
general Rule, Pa. 175) of a Caſk of the 2d Variety; 
whoſe Bung and Head-Diameters, and Length, 
are the ſame as in the preceding Example. 


OPERATION. 


The Difference of the Diameters 8 
æth is 2, which being 

ſubtracted from 32, the Bung-Diameter, leaves 

30, the Middle-Diameter ; agreeable to the pre- 

ceding Rule. 

| Then 
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Then the Sq. of 32, the B. Diam. is 1024 
The Square of 24, the H. Diam. is 376 
Four times the Square of 30, 800 
the Middle - Diameter, is Js 
Sum 5200 
Multiply by the Length . . 42 


r0400 
20800 
5 2154.32) 2 18400 (101.37 
= the Content in Ale Gallons, very nearly agreeing 
with that found by the common Method, in 
Example 3d, Pa. 171, 1220 


The two laſt Examples were only given here, to 
ſhew the Conformity between the general Propofi- 
tion (Pa. 175.) and the common Method of finding. 
the Contents of theſe two Caſks; which, in the 
firſt Variety, will always be an exa# Agreement ; 

| | 25 and 


PI” +, . - = 
W 


a 


* 4 — 
* 9 0 


The Reaſon of the general Rule (Pa. 175] bringing out preci the 
Mite of the Spheroidica! Caſk, is from hence, —Let 6, 1 M meals de- 
note the Bung, Head, Middle-Diam=ter; and Length-reſpeRtively, of any 
Spheroidical Caſk, andp =.73 54: Then inſtead of M?, in the Expreſſion 
— . 52 2 
- X AMI) for the Content, ſubſtitute its Equal —— 
found from the Property of the Curve, Pa. 179, and we ſhall get 
2 X 62+ 363-+b% +42 (or X 262 ＋ þ?) z which is well known to 


be the accurate Meaſure of every Spheroidical Caſk, 


CokOoLtLlLany, 


Hence we can eaſily determine hen the Anſwer brought out by the general 
Rule (Pe. 175) is firiftly true; 21 we have another Rule, or Method, 
whereby the cru Mcaſure of a Platie of « known Form, or a Solid generated 


by the Revolution of a Curve of 2 known Ptoperty, can be found: For if 
inſtead vf (M) the Middle Perpendiculat (if a Surface), or (M*) its Square 
(if a Solid) we ſubſtitute its Equal, found from the Property of the Curve 

(or 
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and in the ſecond, the Difference will be inconſi- 
derable in Practice. 


__ OO” "I... _— _ 
— 8 
L 


— * 


(or Figure); then, if there reſults the known accurate Rule for determining 
the Meaſure of the Figure, it is evident (in ſuch Caſe) the general Rule here- 
after given for three equidiſtdnt Perpendiculars, and alſo that given (Pa. 175) 
for three equidiſtant perpendicular Planes, will be Arictiy true, 

Thus, for Inſtance, in the Fruſtum of a ſquare Pyramid, if a* and b denote 
the Areas of the two Ends, and d the Altitude of the ſaid Fruſtum: Then, in 


| rar d . 
the general Expreſſion ad FAM -Z X 7 for M* ſubſlitute its Equal 


2 
— » found from the Property of the Figure, and we ſhall have 


— — — 4 — — 4 
a Taz -T X Ie or aal X 755 which is known to 
to be the accurate Meaſure of the Fruſtum. Q. E. I. 


Orazzwiez, let the Fruflum of the Pyramid be what it will, 


Let any two homologous Sides of the greater and leſs ſimilar Ends of the 
F ruſtum, be denoted by a and b reſpeCtively ; and let the correſponding Side of a 
parallel Section inthe Middle be denoted by M: Then will 42, 62, and Mz, 
be as the Meaſures of the three parallel Planes reſpectively; and therefore, by 


d 
the general Rule, Pa, 175, a*Þ4,M*+5% + 1 will be as the Content of 
the Fruſtum (d repreſenting the perpendicular Diſtance of the two extreme 


Planes ): But . =: == the correſponding Side of the Plane in the 


2 
Middle; therefore - n= 9 = M, which being ſubſtituted above, in the 


general Expreſſion for the Content, we get a*-ja*-j-296-+463-+-62 » - or 


a*<pab +6 X = which is well known to be as the accurate Meaſure 


of the F ruſtum of any Pyramid (or Cone) whatever, (Vid. Sec. VIII. 
Fa. 114). 


SECTION 
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SECTION X. 


Or FINDING THE MEAN-DlAMETERS 
oF Cs Rs. 


HERE are two Methods, now in Practice, 
for finding the Mean-Diameter of a Caſk, 
or reducing it to a Cylinder, of the ſame Length 
and Magnitude : The firſt is, by multiplying the 
Difference of the Bung and Head-Diameters, by 
ſome conſtant, or fixed, Multiplier (as by .7 far 
a Spheroidical Caſk, .68 for the Middle Fruſtum 
of a Parabolic Spindle, Sc. according to the 
Variety of the Caſk), and adding that Product to 
the Head-Diameter, this Sum is called the Meau- 
Diameter of the Caſk; which is erroneous, as 
will be ſhewn hereafter. ; 
The other Method is, by the Tables which are 
to be found in moſt Authors on Gauging, and are 
alſo graduated on one Edge of the Sliding-Rule ; 
but, it is plain, thoſe Tables are formed from a 
Conlideration that / Caſks which have the ſame 
Difference between the Bung and Head-Diameters, 
muſt likewiſe have one conſtant Multiplier 
therefore this Method is alſo defective: For it is 
abſolutely impoſſible there ſhould be any conſtant 
Multiplier, uſed in reducing Caſks (even of the 
ſame Variety) to Cylinders, of the ſame Lengths 
and Magnitudes with thoſe Caſks; unleſs it be ſuch 
as have the Bung and Head-Diameters in ſome 
conſtant Proportion; for the Multiplier muſt vary, 
when that Proportion varies, as will be hereafter 
made 


* 
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made to appear. It may ſuffice to thew here, by 
an ealy Example, that two Caſks (of the ſame 
Variety) may have the very fame Difference of 
their Bung and Head-Diameters, and yet the 
Proportion of the Diameters of each Caſk, may 
be very different. | 
Thus, let 32 and 24 Inches be the Bung and 
Head-Diameters of one Caſk, and thoſe of another 
be 48 and 40 Inches: Here the Difference of the 
Diameters is the ſame in each Caſk, but the Pro- 
portion of their Diameters is unlike; for, in the 
firſt Caſe, the Bung-Diameter contains the Head 
and 4d Part thereof; but in the latter, the greater 
excceds the leſs by 4th Part only: Theſe two 
Caſks therefore, though the Difference of the 
Diameters is the ſame in both, require different 

Multipliers. 
From the Inveſtigations“ in the ſubjoined Notes, 
two different Methods may be given for finding a 
B b Mean- 


„ 


— 


Let the Head - Diameter of any Spheroidical Caſk be called x, the Bung- 
Diameter y, and let m denote ſome Multiplier, by which the ſaid Bung=- 
Diameter being multiplied, the Product will give the Mean-Diancter of the 
Caſk ; or, which is the ſame Thing, the Diameter of a Cylinder, whoſe Length 
and Magnitude are equal to thoſe of any propoſed Spheroidical Caſk; Hence 


2 
(by the well-known Theorem) we get —.— = m*y* ; therefore x = 


4 am*y%—2y> = y -:; conſequently the Buog-Diameter is to the 
Head- Diameter, univerſally, as y : yy qm*—2 ; or, as : 2; 
From whence it is eaſy to perceive, that, when the Multiplier (C is varied, 
the Ratio of the Bung and Head-Diameters muſt vary ; conſequently there 
cannot be any conſtant, or fixed, Multiplier. 

Moreover it evidently appears, that the Multiplier () cannot be greater 


than Unity, nor leſs than =; therefore all the Multipliers, or Values 

of m, let the Bung and Head-Diameters be what they will, ate included bay 
2 

tween 1 and. 8 164 Cc. (viz. Tu But it will be unneceſſary to ex» 


tend any of the Tables, to contain a Multiplier for a Caſk (or Veſſel) wheſe 
Bung (or greater) Diameter, is more than twice the Head (or leſs) Diamzccr, 


— — — 


— —— — 
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Mean- Diameter, and both of them equally accurate 
and comprehenfive the firſt is, by multiply ing the 
Bung- Diameter by a Number, or Factor, aecord- 
ing to the Proportion of the Bung and Head- 
Diameters, this Product will give the Mean- 
Diameter : The other Method is, by multiplying 
the Difference of the Diameters by a Number, or 
Factor, which mult alſo be according to the Pro- 
rtion of the two Diameters of the Cafk or 
Voegel ; and that Product being added to the lefs 

Diameter, the Sum will be the Mean. Diameter. 

But, as it might be deemed unneceſſary to exem- 
plify both theſe Methods, I thought it would ſuffice 
to only put down for the firſt, the Tables of Mul- 
tipliers, as they are derived from a different: Con- 
Sheen than any hitherto offered to the Public; 
but for the other Method, I have given both Tä- 
bles of Factors, and proper Examples to illuſtrate 

the ſame, 1. x 
By theſe laſt Tables it will plainly appear, that 
the common Factors .7, .68, &c. uled in reducing 
Cafks to Cylinders (notwithſtanding they are better 
adapted to Practice than any other conſtant Factors 
whatever), are only Atridtiy true in particular Cir- 
cumſtances: And though the ſafd Factors will be 
ſufficiently near the Truth, in finding the Contents 
of many Cafks which occur in Practice; yet, it 
is very certain, when the Caſk is ſome what out 
of the common Form, the Error will then be far 
too conſiderable to be diſregarded : So chat I pre- 
ſume theſe Tables will be found of great. Ucifiey, 
in determining the true Content of à Veffel in any 
'of che following Forms; namely, for a cloſe 
doe" 22 'Citk, 


Caſk, either in the Form of the Middle Fruſtum 
of a Spheroid, Parabolit Spindle, or Hyperbolic 
B b 2 Spindle; 


K b 


— * — — 


Let the Head - Diameter of a Caſk, repreſenting the Middle Fruftum 
of a Parabolic Spindle, be denoted by x, and the Bung-Djameter by y; ard 
let (as in the preceding Note) the variable Multiplier be called m+ Then (by 

2 2 
the Writers on Fluxions) we have LEED nz my? or TY 


2 | | 


n 
the Bung- Diameter is to the Head - Diameter, univerſally, as y : X 


e far 2 2 Hence it appears, 


that, when the Ratio of the Bung and Head-Diameters varies, the Multiplier 
( muſt vary: Moreover it is evident, that the Multiplier ({-m) cannot be 


greater than Unity, nor leſs than 7 i. e. „7302, Se. 


+ Let x be the leſs, and y the greater Diameter, either of the Fruſtum of a 
Parabotic Conoid or that of a Cone; alſo let m be a Multiplier, by which 
if. the, greater Diameter be -multiplied, the Product ſhall be the Mean- 
Diameter : Hence (by the well-known Theorems) we have the following 
Equatioas, 


| 24 * 

Viz, For the Fruſtum of a Parabolic Conoid, LED = my? x 

2 2 
3 


And, for the Fruſtum of a Cone, = m7, 


being ſolved, * 
give x = yy zu —4 — I, for the Fruſtum of a Cone. 
Therefore the greater Diameter is to the leſs, univerſally, 


A q 1 1 J, for the Fruſtum of a Parabolic Contid. 


12 4m*—2 — . for the Fruſtum of a Cone. R 

Hence it is evident, that when the Ratio of the two Diameters of each 
Fruſtum vaties, the Multiplier (m) muſt vary: It is likewiſe evident, that 
the ſaid Multiplier, in the firſt Caſe, cannot be greater than Unity, nor lets 


Theſe two 3 | 
Equations, ſ yy 2mi—1, for the Fruſtum of a Parabolic Contid, 


than VT, cr .7071, Se. and in the Fruſtum of a Cone, the Multiplier (m ) 


cannot exceed Unity, nor be leſs than VT, or. 5773, Ec. 1 
y 


r2'peflively of any Caſk ; aud alſo m the Mean-Diameter thereof ; Then, by 
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Spindle; and alſo, for an open Utenſil, the 
Fruſtum of a Parabolic Conoid and Cone. | 
| | And 


By the foregoing Proportions it appears, that the Limits of the Multipliers, 
for the Bune (or greater) Diamete's, ate 


«$164, Cc. (Y3 ) 
| ST ( 219 Unity. — Moreover it is evident 
7302, Cc. (' 15) from the Method hereaſter ſhewn of 


Between IE deriving Tables 3 and 4, from 1 and 2 
.707r, Sec. (* + )Arcſpettively) that the Limits for the 
-— Multipliers, for the Difference of the 
+5792. Se, ( vV 1) Diameters, are 

«6666, Se. (3) 8164, Ec. 

EL .6666, Se. (5) ang J +7392, Se. 

5 ( 7071, Ec. 

+5773, Ec. 


The Multipliers (Table I.) for Spheroidical Coſks, and for the Middle 
Fruſſums of Parabolic Spindles; likewiſe thoſe (Table II.) for the Fruſtums of 
Parabolic Conoids and Cones, were derived from the general Proportions of 
the Burg and Head, or greater and leſs Diameters, (See Pa, 185 and 187).— 
For, by aſſuming the Ratio of the two Diameters, we can readily obtain the 
Value of : Thus, for Inſtance, let the Ratio of the greater and leſs 
Diameters be as 2 to 1; then we have 


For the Middle Fruſtum of a Spherord, 1: * qam*—2 } 
2 


For the Middle Fruſtum of a __— 
Parabolic & irdle 8 6 0 T's —_— Eu 221 (: 
7 9 3 | 
x: 0.5), 


For the Fruftum of a Parabolic Conoid, 1: Y 2m*—1 


For the Frutum of a Come , „ 1: 3 2— — 4 J 
Whence we gt tor the 


ft 1 8660 1 

5 11 hn 05 (= the general Mult pliers tor the Bung (or greater) 
. 5 i 

4˙ 76; ; 

Diameter of any Cafe, or Veſſel, in the above Forms, whoſe Diameters are 

in the Ratio of 2 th. — Or if the Bung (or greater) Diameter be expreſſed 

by Unity, and the Hesd (or leſs) Diameter by 4; then the above Numbers 


wil! expreſs the Mean-D:ameters themſelves, 


1 The Multipliers for the Middle Fruſtums of the Fyperto/ic Spindle 
{(1ab.1.; were derived in the following Manner, 

Ir was firſt found (by varicus Experiments) that many Caſkr, whoſe Con- 
tente were Jeſs than thaſe of Parabs/ics Spindles (having the ſame Burg, 
Heid, and Length) had the Difference cf the Bung and Head-Diameters, 
ani ith» Niftance wn (ſes Fig, Pa. 165 or 268) in the Ratio of 8: 1.4. 

Now if 5, , and M, denote the Bung, Head, and Middle-Diameters 


the 
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And I flatter myſelf, that the Advantage of the 
following Tables will be acknowledged by the atten- 
tixe and unprejudiced Reader, as better adapted to 
real Practice, than any hitherto publiſhed; conſider- 
ing both the Facility of the Operations, and the 


Accuracy 

2-4. , M2 4-2 
the general Propoſition,” Pa. 175, we ſhall have — = = m?, or m 
= — — Whence it is evident, that if the Bung - Diameter be 


denoted by Unity, and the Head - Diameter by any Num ber leſs than Unity, 
ſuppoſe, for Example, by. 75, we ſhall have 8: 1.4 125 (1 — 75): 
— — = 404375 (= mn, ſee Fig. Pa. 168), the Double whereof is 
0875 : Then 1—. 087 f. 912 f the Middle-Diameter; therefore, in this 
52 4M2+4> 


Caſe, b=1, 5 =.75, and M =491253 conteuenty | — 


(=m) 2 LN .503 = the Mean-Diameter, or 


6 

general Multiplier, for the Middle Fruſtum of an Hyperbolic Spindle ( of this 
Form) whoſe Head- Diameter is equal to & of the Bung-Diameter, 

The zd and 4th Tables, are reſpectively deduced from the 1ſt and 2d; in 
the following Manner. 

Having already proved, that the Multiplier () depends intirely upon the 
Ratio of the two Diameters of the Fruſtum; and therefore, in the iſt and 2d 
Tables, the Bung (or greater) Diameter being denoted by Unity, we have the 
Head (or leſs) Diameter expreſſed in Decimal Parts, in the Columns titled he 
Nuctients of the Head ( or leſs) Diameter, divided by the Bung (or greater ) Dia- 
meter; and in the other Columns (titled Multrpliers, &c,) ſtand the true 
Mean-Diameters for the reſpective Caſk, Sc. whoſe Bung and Head (or 
greater and leſs Diameters) are as here ſpecified : Thus, for Example, call 
the Bung-Diameter 1, the Head- Diameter . 6; then the Mean-Diameter (or 
Multiplier) of ſuch a Spheroidical Caſe (by Tab. I.) is. 887; whence (by 
multiplying the Difference of the Diameters by x, and adding the Product to 


the Head-Diameter) we get . 4K . 6. 387, and x = _ = 7175 
for a Maltiplier ; whereby the Difference of the Diameters of every Sphe- 
roidical Caſk, having the Bung and Head Diameters in the Ratio of «5 to 3. 
muſt be multiplied, and the Product added to the Head-Diameter, in Order 
to obtain the Mean-Diameter,—The ſame Methcd muſt be obſerved in find- 
ing the Multipliers for the other Vatieties. 

It may not be amiſs to take Notice, that when the Quotient, expreſſing 
the Value of x terminates at the 4d Decimal, the Mean- Diameter of a Veſ- 
ſel, found by Tablis II. an? III. will then fri#/y agree with that found by 
Tables I. and II.; but the Mean-Diameter, found by the former Tables, will 
diſfetr a mall Matter, either in Exceſs or Defeft, from that found by the 
latter ; according as the Remainder, after the third Necimal is obtained, 
- happens to be greater (equal) or leſs than j the Co- efficient of x, 
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Accuracꝝ of the Concluſions: For, by the Method 
here laid down, the Contents of cloſe Caſks (and 
open Veſſels) may, with the utmoſt Exactneſs, be 
as, expeditiouſly: obtained, as by, that uncertain 
Method of uling the fixed Multipliers,, 


TABLE I. 

Exhibiting the Multipliers, whereby if the Bung- 
Diameters f. Caſks, reſembling the Middle Fruſ- 
tums of Spheroids, or of Parabolic and Hyper- 
bolic Spindles, be multiplied, the Products will 
give the Mean-Diameters thereof; (i. e. of all 
ſusb Caſks as can be propoſed "within the Limits 
"oo ap 


— 


NI Tr rr er 
FFF FFF NN 
r eee 
bs Ss lass bs SS 
n . LE Fon ER] 
Ser ers 
JS ess SSS FSF 
eee 
F . 3 8. * 7 8 1 8.8 
. 
»$© 66 3445 8136 76 (927092279068 
51 8680 [. 84938770 77 929692589105 
52 87% . 3529 | -32c4 78 932492909143 
+53 8720 [8548 [8239 79 9352 | +9320 | +9181 
54 (8740 | +8576] -$273 [80 938093529219 
53 8760 [86058308 81 9409 9383 | +9257 
| 456 8781186338343 82 || .9438 | +0415 [9295 
«57 || -3802 | -3692.| 8378 | .83 || .9467 | +9446 | -9333 
58 88248690 [8413 84 9496 [94789372 
+59 884687208448 85 95269510 | «9410 
60 8370 | -8748 | 8483 86 9556 | .9542 [9449 
61 88928777 [8513 +87 9586 | .9574 | +9437 
62 $915 | -8806 | .8554 88 96169606 9526 N 
.63 89388835 [8% 8 || .9647 | .9638 | .9565 
64 8962 8865 8. 26 90 9678 «9671 9604 
65 8486 8394 8662 91 97109703 9643 
.66 «9010 . 89248698 +92 9740 [97309682 
| +67 9934 | +3954 | +5735 9 || -9772 | -9768 [9722 
68 «gobo | .8983 | .8772 94 9804801 | .9761 
69 908490138808 95 953698349801 
70 9110 f. 90448345 96 98689867 .9841 | 
71 || 9136 | -5074 | 3881 || .97 (90 | .ggoo [9880 
72 9162 | 9104 | 8918 IN} 9 9933 | +9933 | +9920 
723 || -9183 | .9135 | .3955 |} -99 || .9466 | .9966 9960 
74 9215 | 91668993 1,00 li. o [1.0000 | 1.0000 
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TABLE 11, 


'$herving the Mulftipliers, By cia if the purer 
— — ParaboFc-Conoids 
and Cones be'\multiplitd ; the: Proditis will gut 

the Mean-Diameters thereof ; (i, e. of A. 
Fruſtums as can be propoſed within the Limits of 
this Table). 


5 N 
2 IE | 
D = )| PS 

1 
2 14 SF | 
: « '{ „. 
B '| 20. 
** "| 
* 2 
7637 8827 
+7681 8874 
7725 8922 
«7769 .$970 
«781 9018 
785 5066 
7902 9114 
7947 9163 
2992 9211 
8037 9260 | 
8082 9308 
8128 9357 
8773 9406 
8220 9455 | 
38265 95⁰4 
— 9353 
8357 +9602 
84⁰⁴ 96 52 | 
.$450 +9701 
+$500 +9751 
$544 9800 
8590 9550 
8637 9900 
868 5 99 50 
$732 1.0000 
8780 | 


— —— - ——_ 


—ͤ—ũ—mẽ ——— 
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By the preceding Tables, the Mean-Diameters 
of Caſks, compoſed 'of the Middle Fruſtums of 
Spheroids, and of Parabolic and Hyperbolic 
Spindles; and likewiſe the Mean-Diameters of 
the Fruſtums of Parabolic Conoids ana Cones, 
may be very readily obtained, by the following 
general | 1 


RvL x. 


Divide the Head (or leſs) Diameter, by the 
Bung (or greater) Diameter, to two Places of 
Decimals in the Quotient, againſt which, in the 
proper Column, we have a Decimal Fraction; 
which being multiplied by the Bung (or greater) 
Diameter, the Product will give the true Mean- 
Diameter ſought. | 


TABLE 
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TABLE III. 


Exhibiting the Multipliers, whereby if the Diffe- 
rence M the Bung and Head- Diameters of a Sphe- 
roidical Caſk, or that formed of the Miudle Fraſ- 
tum of a Parabolic or Hyperbolic Spindle, be 
multiplied, and the Product added to the Head- 
Diameter; the Sum will give the Mean-Diame- 
ter thereof; (i. e. of any propoſed Caſk, within 
the Limits of this Table). 


122] 4TH [SO] | DH Ds 

[22] BE [ERP IRS |iN Lo ET] EEE SEE 

Tes FS ESS|ESSUESE] IS] SE] EE 

J. . S [og Tet Ef ESSE $5 

|] SSIS STS] KEN SZ] SIE] STE 

| ©® [OI ASHE RE] Ea] agt 
SA SE ars N SS] SE | STS EIS 

| bi] $2 | FYEFP Sf $$| FP &ED 

Ina ©] CN ODE will 1 ER" 28 

3 a ITS. SH BE 

150 732 693 | +627 76 || .695 | -673 | .brz 
51 || -739 692 | +627 77 || -694 | +677 | 612 

1 .52 || +729 | -6g92 | .626 78 693 | -677 | .610 
+53 72 691 625 79 691 676 610 
«54 72 690 | 625 +80 [| ,690 | .676 | 60g 

| +55 724 690 | 624 81 689 | .075 609 
56 723 689 623 82 688 675 608 

| +57 «721 | „689 623 83 686 | .674 | .603 
58 720 | +688 „622 84 685 1.674 „607 

1 .59 719 | -688 „621 85 634 | .673 | .607 
60 717 | +637 621 86 683 | .673 .605 
.61 716 | -686 | -620 87 || .6382 | ,672 | .605 

| -62 || «714 | -686 | -619 88 || .680 | ,672 | .605 
63 || -713 | +685 619 89 || .679 | .671: | .605 

1] -64 712 | +685 „618 90 || ,678 | ,671 604 
.6 «710 | +634 „618 91 677 | .670 603 

EN 709 684 617 92 675 670 603 

1 .67 708 683 617 93 674 669 603 
68 706 +682 616 94 673 „668 602 
69 705 | -682 615 9 5 672 | .668 602 
70 703 | .631 | .615 96 670 | .667 | .602 
*71 «702 | .681 614 97 670 667 001 
72 701 J. 680 614 98 66 666 60 1 
73 .699 | .680 | .613 +99 666 666 | .6co0 T 
+74 698 | .679 | .613 1. 00 — — — 
75 697 | +678 612 


Note. The above Table (for the Sake of Conveni- 
ence) is now graduated on the Sliding-Rule, as 
C © anade 
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made by thoſe ingenious Mathematical Inſtrument- 
Makers, Mr. John Bennett, in Crown-Court, 
St. Anis, Soho; and Mr. Edward Roberts, in 
Dove-Court, Old Jewry. 


Althcugh two Places of Decimals veing taken 
for a Multiplier, in the Manner as they are now 
placed on the Sliding-Rule by the above-men- 
tioned Gentlemen, wilt-give the Mean-Diameter 
of a Caſk to a ſurprizing Degree of Exactneſs; 
yet I judged it would not be amiſs to give three 
Places in the preceding Table, in Order to ſhew 
in wha: Circumſtances (with Regard to the Pro- 
portion of the Bung and Head-Diameters) the 
common Multipliers (.7 and .68) will be the 
molt exact. 

Before I proceed to ſhew the Utility of this 
laſt Table, by the Application of the following 
general Rule, it may be proper to obſerve, that it 
wili require a S/;d;ng-Knle of 18 Inches long to 
graduate thereon, dittinctly, the preceding Ta- 
ble, and to elucidate the {ame with three Places 
of Decimals: To effect which, in the moſt con- 
ciſe Manner, take the following Directions. 

Mark down the Quotients of the Head-Diame- 
ter divided by the Bung-Diameter in one Line; 
thus, . 30, . 31, . 2, -53, Ec. then directly un- 
der . 30 place, ſucceſſively one under another, 
732, . 693, and . 627; being the Multipliers for 
the ii, 2d, and 30 Variety reſpectively: Under 
«51, ſucceſſively alto ont under another, place 
enly o, 2, and 7; being the third Decimal of 
the Multipliers .730, .622, and .127 reſpect- 
vel): Again, under .52 place .729, 1 and *6, 
Proceed ia this Mariner, placing only the third 
Decimal of the Multiplier (as it appears in the 

Table) 
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Table) under the proper Quoticnt of the Head- 
Diameter divided by the Bun, Diameter; except 
when the fecond Decima! of the Mu uplier 
is diminiſhed; in which Caſe. it will be ne- 
ceſſary to put down the whole actor (agreeable 
2 the Table), inſtead of only the laſt Decimal 
OT it. 

A Sliding-Rule of 12 Inches long will be ſuf- 
ficient to contain ſo much of the ſaid Table as ge- 
uerally occurs in Practice z namely, the Quo- 
tient of the Head Diameter divided by the Bunge 
Diameter from . 60 to .96: But, if the Multi- 
pliers are only to be graduated to two Places of 
Decimais, che greatelt Extent of the preceding 
Table may be clearly explained on a Foot-Rule; 
provided the Quotient of the Head Diameter di- 
vided by the Bung-Diameter is marked down in 
the following Manner; viz. . 50, 1, 2, 3, 4, 5 
6, 7, 8, 9. .60, 1, 2, 3, 4, 5, Sc. to 1.0: 
For it appears from the preceding Table, that, if 
the Quotient of the Head-Diameter divided by 
the Bung-Diameter is not greater than . 54, the 
neareſt Mulriplier, to two Places of Decimals, is 
.73 for a Spheroidical Caſk ; if the {aid Quotient 
is not greater than .64, the Multiplier, for 
the Fruſtum of a Parabolic Spindle, muſt be 
69; and, if the ſaid Quotient does not exceed. g, 
the Multiplier, for the Fruſtum of an Hyper- 
bolic Spindle, will be .63 : Moreover it appears 
from the foregoing Table, that, if the Quotient 
of the Head-Diameter divided by the Bung- 
Diameter, be greater than .54, and leſs than 
.62, the Multiplier for a Spheroidical Caſk, muſt 
be .72; which place, on the Rule, oppoſite 
.58, being the Middle between the two laſt- 
mentioned Quotients .54 and .62: Proceed in 
the ſame Manner with the reſt of the Table, 


; Ce 2 GENERAL 
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GENERAL RULE. 


Divide the Head-Diameter by the Bung-Diame- 
2 to two Places of Decimals in the Quotient, 
gainſt which, in the Column anſwering to the 
x. ang" Variety, we have a Decimal ; which 
being multiplied by the Difference of che Bung 
and Head-Diamcters, and the Product being ad- 
ded to the H<ad-Diameter, the Sum thereof will 
be the true Mean- Diameter ſought. 


EXAMPLE I. 


Wherein it is propoſed to find the Mean-Diame- 
ter, and Content of a Spheroidical Caſe in Wine 
Gallons; whereof the Bung-Diameter is 65, 
Head-Diameter 39, and the Length 110 Inches, 


OPERATION. 


65) 29.0(.6 Quotient. 
390 


. 
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Then againſt .60 (Tab. III.) in the firſt Column, 
and in that for Spheroidical Caſks, we have the 
Multiplier (or Factor) . = 717 
Multiplied by the Diff, of the Diam. = 26 
4302 
1434 


— 


Product 18.642 
Head-Diameter 39 


9 


Mean-Diameter 57. 642 The 
Area in Wine Gallons, anſwering to this Diame- 


N „ „„ 
Multiplied by the Length x10 


— — 


» 


113020 
11302 


| Gives 1243.220 Wine Gal- 
lons, the Content of the Caſk; the ſame as was 
found in Example 2, Pa. 171. 


If, in the foregoing Example, the Difference of 
the Bung and Head-Diameters be multiplied by .6 
(agreeable to an Obſervation of a very celebrated 
Author), the Mean-Diameter will come out 54.6 
Inches ; and therefore the Content of the Caſk will 
then appear to be but 1114.3 Wine Gallons, which 
is 129 Gallons 4% than the Truth / 


EXAMPLE 2. 


Let it be propoſed to find the Mean-Diameter, 
and Content in Wine-Gallons, of a Caſk reprefent- 


ing the Middle Fruſtum of a Parabolic Splindle ; 


whoſe Bung-Diameter is 32, Head-Diameter 24, 
and the Length 42 Inches. 


_ OpeRaATION, 
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OPERATION. 
32,24. 000. 75 Quotient 


Then againf .75 (Taz. III.), in tlie proper Co- 
lumn for this Variety, we . 678 for a Multi- 
plier; and therefore, by proceeding as in the laſt 
Example, the Mican-Diameter is 29 424, and 
the required Content 123.648 Wine Gallons ; 
the ſame as found by the general Kule, Exam. 3, 
Pa. 172. 


By the Sliding-Rule, 


To the Wine Gauge-point on D, ſet the Length 
42 on C ; then againſt 29.4 the Mean-Diameter 
on D, we have 124 Gallons zearly, the Content 
of the Caſk on C. 


EXAMPLE 3. 


Suppoſe the Dimenſions of a Caſk of the 3d 
Variety (or the Middle Fruſtum of an Hyperbolic 
Spindle) be the ſame as were given in Example 2, 
Pa. 170; to find the Mean-Diameter of the 
Caſk, and its Content in Wine Galloas, 


OryrzRATION; 
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OPERATION. 


If the Head- Diameter 39, be divided by the 
Bung-Diameter 65, the Quotient will be .6; 
againſt which (Tab. III.), in the Column proper 
for this Variety, we have . 6621 

Multiplied by the Difference of 6 

the Bung and Head-Diameters n 


— 


3726 
1242 


Product 16.146 
Head-Diameter 39 


Mean-Diameter is 35.146: The A- 
rea in Wine Gallons, anſwering to this Diameter, 
is 10. 34, Which being multiplied by the Length 
(110) gives 1137.4 Wine Gallons, the required 
Content of the Caſk : Which differs 106 Gallons 
from one of a ſpheroidical Form, having the ſame 
Bung, Head, and Length, ſee Pa. 171; but a- 
grees, very nearly, with the Content found ac- 


cording to the general Rule, Example 5, Pa. 
176, 


By the Sliding-Rule. 


To the Wine Gauge-point on D, ſet the Length 
110 on the Line C (i. e. on the 1ſt Radius); then 
againſt the Mean-Diameter 55.14 on D, we have 
1137.4 Gallons, the Content on C, as before. 


EXAMPLE' 4. 


Wherein it is propoſed to find the Mean-Diame- 
ter, and Content of a Caſk of the 3d Variety (or the 


Micdle 


— — — — 


— — — — — 
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Middle Fruſtum of aa Hyperbolic Spindle), whoſe 
Bung-Diameter is 31, Head-Diameter 23, and 
the Length 50 Inches. 


By dividing the Head by the Bung- Diameter, 
and proceeding in the very fame Manner as in the 
foregoing Examples, we ſhall find the Mean-Dia- 
meter 27.89, and che Content of the Caſk 132.25 
Wine-Gallons; the ſame as in Pa. 178. 


By the Sliding- Rule. 


To the Wine Gauge-point on D, ſet the Length 
0 on C; then againſt 27.9 the Mean-Diameter 
on D, we have 132.25 Wine Gallons, the Content 
on C; the ſame as above. 


Note. If the above Example be wrought by the 
common Method, of uſing . 7 for a Multiplier, 
the Content will then appear to be 139 Gallons, 
which exceeds the true Meaſure 6.75 Gallons, 


TABLE 


deer. X. GAUGING: 201 


TABLE IV. 


Shewing the Multipliers, wwherely fe Difference 
of the Diameters of the Fruſtums of any H rcabolic 
Conoid 7 Cone be multiplied, and the 'rodutt 
added to the leſs Diameter; the Sum wil! give 
the iAzan-Diameters thereof ; (i. c. of all ſuch 
Fruftuns as can be propoſed within the Limits of 
this Table). 


| 


E = *E = — er 58 
dss 3 NSE 
1er 22 F == 
S280} = Sf SENS] &=| n= 
Ta: > 2 Rat RE Sh 
Sel $5] Sf | SLE] V5] Sf? 
8 . I — I QZ 18 4 
er dee EN 2D | 
J . S 5 2 
by D D — — TD I 2 
D * T b = * 
50 531 +527 76 +534 
51 579 | +527 *77 532 
52 || +577 | +526 78 || -539 
53 575 526 «79 +529 
54 || -573 | +525 80 527 
55 +574 | .524 +31 .526 
+56 569 | .523 82 || .524 
+57 567 | .523 83 522 
58 || -505 | .522 84 521 
59 563 52 $5 520 
60 562 521 86 519 
61 | +5F<9 520 87 517 
62 558 519 88 516 
63 556 | .519 39 313 
64 554 518 +90 513 
65 552 | «517 91 511 
66 551 | «517 92 |} 510 
67 549 | +516 93 || +509 
+63 +547 } -516 +94 |! .507 
60 «$45 | .516 95 506 
70 543 515 9 505 
171 341412514 +97 503 
72 +540 513 93 501 
73 539 513 99 „500 
74 537 512 1.09 _ 
| 75 | +535 | +512 


| 
| 
| 
| 
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It appears from the foregoing Table, that the 
Mean-Diameter of the Fruſtum of a Cone is 
nearly equal to half the Sum of the top and bot- 
tom Diameters of the ſaid Fruſtum ; eſpecially 
when the leſs Diameter is more than ids of 
the greater: But this Obſervation, it is evi- 
dent from Table III. will not hold good, with 
Reſpect to the other Fruſtums, in any Circum- 
ſtance whatever. 3 


EXAMPLE 5. 


The greater Diameter of the Fruſtum of a Pa- 
rabolic Conoid is 45, the leis Diameter 27, and the 
Altitude 40 Inches; required the Mean Diameter 
ot the Fruſtum, and its Content in Wine Gallons. 


OPERATION. 


45)27.0(.6 Quotient. 

Then agaioft .60 (Tab. IV.), in the Column for 
the Fruſtums of Parabolic Conoids, we have. 362, 
which being multiplied by the Difference of the 
Diameters (18), gives 10.116; to which add the 
lets Diameters (27), and the Sum will be the re- 
quired Mean-Diameter 37.116. — The Area in 
Wine Gallons, anſwering to this Diameter, is 
4.683, which being multiplied by the Altitude. 


„„ 3 


a 
— 


Gives 187.320 Wine Gallons, the Content 
ſought; very nearly the fame as in the Example, 


Pa. 150. i 
By the Sliding-Nule. 


To the Wine Gauge- point on D, ſet the Alti- 
tude (or Length) 40 on C; then oppoſite 37.1 
the above Mean-Diameter on D, we 24 187.3 
Wine Gallons, the Content on C. 


EXAMPLE 


Seer. X. GAUGING. 203 


EXAMPLE 6. 


Let the leſs Diameter of the Fruſtum of a Cone 
be 22, the greater Diameter 40, and the Altitude 
60 Inches; required the Mean-Diameter and 
Content of the Fruſtum in Wine Gallons. 


OPERATION. 
40) 22.000. 55 Quotient. 


Then againſt . 35 (Tab. IV. Pa. 201.) in the 
Column for the Fruſtums of Cones, we have for a 
Multiplier . 3524; whence, by proceeding as in the 
laſt Example, the Mean-Diameter comes out 
31.432, and therefore the Content is 201.48 
Wige Gallons. (See Pa. 116). 


By the Sliding-Rule. 


To the Wine Gauge point on D, ſet the Alti- 
tude 60 on C; then againſt 31.43, the Mean- 
Diameter on I), we have 201.5 Gallons, the 
Content on C, as before. 


The Mean-Diameters, found in the preceding 
Examples, may be alſo obtained by the iſt and 2d 
Tables. — Thus, againſt the laſt-mentioned Quo- 
tient .55 (Tab. II.), we have for the Fruſtum 
— os © ins 0 On 

Multiplied by the greater Diam. 40 


*Gives the Mean-Diameter 31.4320, the ſame 
as above: Which, in this Caſe, is found with more 
Expedition than by the other Method ; but it muſt 
be obſerved, that the ſaid Method is very often 
more conciſe than by the iſt and 2d Tables, by 


Reaſon that two Figures (aad in ſome particular 
Dd 2 Circumſtances 
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Circumſtances one) taken for a Multiplier in the 
3d and 4th Tables, will be as exact, as when 
tour Figures are taken for a Multiplier in the 1ſt 
and 2d Tables. 


It may be proper to mention here, that if the 
exact Quolient of the Head (or leſs) Diameter 
divided by the Bung (or greater) Diameter can- 
not be found in the preceding Tables; then will 
the Mean-Diameter differ a ſmall Matter from 
the Truth; but, however, the greateſt difference 
that can ever happen by the Tables, will be 
wholly inconſiderable in Practice; and that Dif- 
ference will even become leſs, if we obſerve to 
take out the Multiplier which anſwers the neareſt 
to the ſaid Quotient. Thus, for Inſtance, let the 
tiead-D:amcter be 21.7, and the Bung- Diameter 
32 Inches z tneſe being divided as above-mention- 
ed, the Quotient will be .678, &c. therefore the 
Number againit .68, in the preceding Tables, 
will be more exact for a Multiplier than that a- 
gainlt .67, 


Of the Conſtructiom and P roperties of 


ihe Diaconat Rob, 


(See Fig. Pa. 168), 


The Diviſions graduated on this Inſtrument are 
founded upon the well-known Property of ſimilar 
Solids ; namely, that their Contents are to one 
another as the Cubes of their homologous (or 
like) Sides, or Dimenſions, 

If the Bung-Diameters, Head Diameters, and 
Lengths of any two Caſks (of the ſame Variety) 


are in the ſame Proportion to each other, thoſe 
| Caſks 
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Caſks are then alike in Form, or ſimilar ; and 
their Contents will be to each other, as the Cubes 
of their Correſponding Dimenſions, and therefore 
(in this Caſc) as the Cubes of their Diagonals, 
Hence it appears, that the original Conſtruction 
of the Diagonal Line was extremely eaſy: For the 
Bung and Head-Diameters, Length and Variety, 
of ſuch a Caſk as beſt agreed with the moſt general 
Form of Caſks,* being firſt carefully * 2 

| nches 


. It is utterly impoſſible to inveſtigate what particular Form of a Caſk 
was firſt fixed upon, in the original Conſtruction of the Diagonal Line; 
even ſuppoling the Property of the Curve of the Caſk known : It muſt be 
allowed that there is an infinite Number of different Forms and Magnitudes of 
each Variety of Caſks which have the very ſame Diagonal; nay, even in 
every cloſe Caik but a cylindrical One, both the Diagonal and Content 
thereof may remain the ſame, and yet the Form of it, or the Ratio of the 
Head and Bung-Diameters, and Length, may vary ; becauſe it is evident 
that the Diagonal and one other D1menfion, being known, are not ſuffi» 
ciert to /imit, neither the Figure, nor Magnitude of the Caſk ; whence it 
is plain, that, beſides the Diagonal, there muſt be given another Dimen- 
fion, in Order to obtain the Form of a Caſk of a given Magnitude ; which 
Magnitue, in the preſent Caſe, is always a given (fed) Multiple of the 
Cube of the Di.gunal : Therefore, if the Bung, or the Head, or the Ra- 
tio of the Bung and Head-Diameters is known; then, with any of theſe, 
and a given Diagonal and Content anſwering thereto, the Form of the 
Caſk (ſuppoſing the Nature of the Curve known) will be eaſily deter- 
mined ; provided the greateſt Content that can be formed with the above 
Data is equal to, or exceeds the Content anſwering to the propoſed Dia- 
gonal, or, which comes to the ſame Thing, to a given Multiple of its 
Cube 3 which Circumſtance is known to obtain, in a Spheroid cal Caſk, in 
every Ratio cf the Bung and Head-Diameters within a certain Limit 
namely when the Head Diameter does not exceed nine-tenths of the Bung- 
Diameter : As wil! manifeſtly appear from the following Queſtion, which I 
publiſhed in the Ladies Diary, 1763 ; and alſo its Solution in the ſubſequent 
Diary: But the Limit for the 3d Vatiety is (Mereaiter) found to be, when 
the Head-Diameter does not exceed eighty-three hundredths of the Bung- 
Diameter, | 


QuxrsT10N, — Let the Ratio of the Head and Pung-Diameters be 
what it will, within certain Limits, a Spheroidical Caſk may be fo for- 
med, that the Diagonal Line ſuch as is now graduated upon Gauging- 
Rod, will exhibit the true Content of the Caſk : *Tis propoſed to find, by 
a general Method, what thoſe Limits are, and how near the Head and 
Bung-Diameters can approach to the Ratio of Equality, before the above 
Circumſtance fails, , 


SorvT10ON, 


| 
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Inches and Tenths: Then the Square (Fo) of 
half the Length of the Caſk (ſee Fig. Pa. 168.) 


being 


— 


SoLuTION, — Let the given Diagonal of the required Spheroidical 
Caſk be denoted by d, its Bung-Diameter by x ; alſo let the Ratio of 
its Head and Bung Diameters be as n to x, and 78 539, Cc. the Area of a 
Circle whoſe Diameter is Unity, p: Then, by the well-known Theo- 


rem, the Content thereof will be expreſſed by © . "I 
2 


X 2x*-+n*x* ; which, put into Fluxions (ſuppoſing = conſtant) and 


made == ©, and reduced, gives x = — — = the Bung-Diameter, 


IT X/ 
in this Circumftance, when the Caſk, — the RP? is the greateſt 
poſſible ; and this Value, ſubſtituted for x, in the above Expreſſion, gives 
16D 2+ n2 . 
— X ==, S the Content of the greateft Spheroidical Caſk hav- 
94/3 142 
ing the given Diagonal d, and correſponding to any aſſignable poſſible Va- 
Jue of =; And when it is Jeſs than d3 x. ba 83 { nearly), the Content (in 
Inches) as found by the Diagonal Line, the Prob, is, then, manifeſtly 
:mpoſſible ; ſuppoſe it, therefore, equal thereto, in Order to determine the 
3 2 
Limit of = (required) ; i. e. PRES... od X . = 43 x 56283, 
9/3 =* | 


| 5 
Sec. or — ©. PER 6 ; whence is readily found = . 898, Sc. — 
"I 779 3 y 98, 
Hence it appears, that the preſent - conſtructed Diagonal Line will not 
exhibit the true Content of a Spheroidical Caſk, when the Ratio of the 
Head and Bung-Diameters approaches nearer to an Equality than that of 
.$983 to x (or nearly g to 10), in any Circumſtance whatever, 


COROLLARY 1. 


. / 
In the above Equation ( — = +7796 ) # has two Values; 7. „. 
I 


6.16, Fc. . 898, Sc. but the former of them can, evidently, have no Place in 
the preceding Queſtion; becauſe the Curyature of every cloſe Caſk muſt be, al - 
ways, concave to the Axis thereof, and conſequently the Bung-Diameter 
always greater than the Head-Diameter, — It may be farther neceſſary to 
obſerve, that within the Limits of the two Roots ,898, Cc. and 6.16, 
&c. the greateſt Content of a Spheroidical Caſk which can be formed, with 
a given Diagonal, will be leſs than is ſhewn on the Rod by that Diagonal; 
and will be the leaſt poſſible when n 2, and the greateſt when no. 


CorOLLARY, 
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being added to the Square (Av) of half the Sum 


of the Bung and Head-Diameters; and againſt 
the 


* - 
4. —— — * 
. 


COROLLARY 2. 


Let every Thing be interpreted as in the preceding Solution: Then, by 
the Method of forming the Table of the third Variety, Pa. 188, we have 


$ 2 1.4 ax (I=n Xx x) : —— X I X , or 775.17 fu K 


x = mn (ſee Fig, Pa. 168); therefore. 35. 35 X x aun, and conſe» 
quently x — . 35 T. 3 x, or. GS T. 35 = M; . N 
— — A Ma: Whence, by the general Theo- 


rem, Pa. 183, — + — + — 222. X A= 1 


„ Je — Ez xxx will expreſs the Content of the Caſk in Inches; 
2 
which being put into Fluxions, (ſuppoſing = conſtant, as before) and made 
24% 
= 0, and reduced, we get x2 = i this being ſubſtituted for 
| I x3 


«a, in the above general Equation, we then tet x 


2 L ; X — — X 2+bgo+3.82n-þ1.49n* X 
; 2 | 
24* n Py 


2.69-F1.82n+ 1.4917 _ 


— = x 6283, or 2 x 


oh a 18% 1 
N X 3 3 1 
1.2984 1. 1308 
2 —ů ͤů[— b r — —— — 0 0 — 22 
283, or 22 + 2 — Xn = yr = 16.34, Ce. whence gg. 8; 


nearly, = Hence it appears, that if the Head and Bung-Diameters of a 
Call of the 3u Variety, approach nearer to the Ratio of Equality than. 83 to 
1, the Diagonal Line, ſuch as is now conſtructed on Gauging- Rods, will 
fail to exhibit ite true Content, let the Length of the Caſk be what it will. 

Now, in Order to determine which is the moſt general Form of Spheroidi- 
cal Caſks, to be met with in Practice, whoſe Contents will be truly obtained 
by the common Diagonal Line, we muſt afſume, to any given Content, 
either the Bung, or Head, or Ratio of the Bung and Head-Diameters (ſuch 
as is known to occur, according to the moſt general Form of Caſks) ; then 
the Queſtion becomes limited, and the other Dimenſions of the Caſk may be 
found, ſo that the Diagonal Line will exhibit its true Content. _ 

t 


— ——— A . —ͥ ÄnQ—— —— —— ::: 
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the Square Root of that Sum, meaſured on a 


ſtraight Rod (or Rule), were placed the true 
Contents 


— 
= 


— — 


Let, for Inſtance, the Content of a Spheroidical Caſk be 1104 Wine 
Gallons (its Diagonal, on the Rod, being nearly 34.4 Inches), and let the 
Ratio of the Bung and Head- Diameters be as 1 to. 85; moreover let the 
Bung-Diameter be denoted by x, and p = +7854 : Then, by Tab. I. Pa, 
190, we have .9526 for « Multiplier, therefore .9526x will expreſs the 
—— of the required Caſk ; but. 9a * the Sum of the Bung 
and Head-Diameters; conſequently the Length of the Caſk will be expreſſed 


by > 1139-96 92 5x12; whence 2V 1183.36 — +8556x*X 49526x1* 
X þ = 25525.5, and *,* x == 32, the required Bung-Diameter, nearly ; 
conſequently the Head-Diameter (= 32 X 85) ==27-2, and the Length 


ere = 35, nearly, 

It is very evident that this Method is applicable, in like Manner, to any 
of the other Varieties, as well as the Spheroidice} Form. — Suppoſe, for 
Inſtance, the Content of a Caſk of the 3d Variety to be 13424 Wine Gallons, 
whereof the Diagonal (as near as can be determined by Inſpection) on the 

3 

Rod, is 36.52 Inches (or 1 — 32 nearly), and alſo let the Ratio 
of the Bung and Head-Diameters be as x to 8: Then, by Tab. I, 
Pa. 190, againſt . 80 we have . 92 19 for a Multiplier; therefore 2 x 


F 36.52]? bone: KK will expreſs the Length of the Caſk, and conſe- 
2 


quently 236.54) —. 8142 X 9 219 ]* X 52 132.75 X 231 = 


3066 5. 25, or 2 V 1333-7104 — . 81K x .$499x* x 7854 230665. 253 
whence x == 32 == the Bung-Diameter, and therefore 32 X . 8 225. 62 


the Head-Diameter, and the Length (22 1333. 7104—. 81K 244-91 
Inches. ; 


OTHERWISE, witheut conſedering the Magnitude of the Caſk. 


If the Burg and Head-Diameters, and Variety of a Caſk are known, we 
can readily dete;mine the Length thereof, ſo that the Diagonal Line ſhall 
exhibit the true Content of ſuch Caſk, 

Let the Bung and Head-Diam*ters be repreſented by a and 6 reſpeQively, 
r = »00272 (== le common Muitiple of the Cube of the Diagonal, for 
Wine Gallons, nearly) ; alſo let A the Area gf a Circle in Wine Gallons, 
whoſe Diameter is = the Mean-Diameter of the Caſk, and x == 5 the re- 


guiree Length thereof: Then will / Len =the Diagonal; and 
2 


there fore 
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Contents of the Caſk in Ale and Wine Gallons, 
found (by the genera] Method) agreeable to the 
Ee Variety 


8 1 


thereſore 2 + x* X hs 6 "$ta* „724 X 2x, Now 


2 2 
let, for Example, a=72, b==25.6z and alſo let the Caſk be of the 3d 


Variety: Then, by Tab. I. Pa. 190, againſt ,$o (or . we have 
3 


92 19 for a Multiplier, whence the Mean-Diameter is = 29.5 (. 9219 X 
32), and therefore A = 2.9588 ; conſequently the above general Equation, 


in Numbers, becomes 829.44 + x* X V $29.44 + & * Xx . 00272 = 
2.9533 X 2x; whence x = 22.455, and -. the required Length (2x) is 
44-91 z the very ſame as above. 


Cong ol r AR x. 


It appears, from Sir Is AA NewToN's Method of determining the Roots 
of Equations, that the laſt general Equation contains four impoſſible Roots, ' 
and that the other two will be real aftrmative Ones: This Circumſtance 
holds good in every Ratio of the Bung and Head-Diameters ; except when 
the ſaid Ratio approaches ſo near to that of Equality, as x to. 898, in a 
Spheroidical Caſk, or as 1 to. 83 in a Caſk of the 3d Variety, Whenee it 
is plain, that, as the Ratio of the Bung and Head Diameters approaches 
nearer and nearer to thoſe above-mentioned, the Limits of the ſaid offirma- 
tive Roots become narrower aad narrower, till they (at liſt} coincide in the 
ſaid Ratios, —In the laſt Example, or the general Equation in Numbers, x 
has two affirmative Valur-s; i. e. 22.455 and 18.55 3 whence it appears, 
that if the Head-Diameter, Bung-Diameter, and Length of a Caſk, of the 
zd Variety, are reſpectively equal to, or in the Proportion of, 25.6, 42, 
and 44.913 or 25.6, 32, and 37.1 ; the Content thereof will be truly ex- 
hivited by the common Diagonal Line, 

There are other general Methods for determining the Figure of a Sphe- 
roidical Caſk (and alſo, if it was neceſſary, tat of a Parabolic Spindle), 
whoſe Content will be truly obtained by the Diagonal Line, — The follow- 
ing Inveſtigation is on a Suppoſition, that the Content of the Caſk, its cor- 
reſponding Diagonal (on the Rod), and the Ratio of the Bung and Head- 
Diameters are known, | | 

Let the Content of a Caſk, in cubic Inches, be denoted by a, its Diago- 
ual (on the Rod) by d, and the required Scmi-length by x; alſo let the 
given Ratio of the Head and Bung-Diameters be as n to:, (þ 2=,7854) 3 


Then V 7. — the Sum of the Bung and Head-Diameters, and *.* 


29 4* 9 — i 
* the Bung- Diameter, (for = 1 x :; Head : Bung, and, 


by Compoſition, „I: 1: HTB: B), and 


v 7: 2 
2,7 — * 
nT 6 


Heads 
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Variety thereof: Then, by the Nature of ſimi- 
lar Solids, it will, univerſally, hold, as the g 
| 0 


__—_— 


3 X d- + 4n? x — 
n + 1 1 
= a, for a Sphereidical Cazk, (And we likewiſe have 


Head-Diameter; whence we have 


apr = 


3 * di —23 andy = — +. x 122 1 — 2þx 
"IK 2 Þ 1 * 3 

==a, for bat of a Parabolic Spindle).— Now, for Example's Sake, let @ be 
expounded by 1104 Wine Gallons, or 25525. 5 cubic Inches, the correſ- 
pondipg Diagonal (4) by 34.4 nearly, and n by .8g: Then the above general 


10.89 Xx d*— x? 
3-4225 
25525.5, or 1183. 36x—x3 = 155376.8 ; whence x == 17,5, nearly; *.* 

l — x2 of I a 
29 4 x £ anv di — 4K 2 
— = 32 == the Bung-Diameter, and = = 27.2 


S the Head - Diameter; the very fame as in Pa. 208. 


Equation, for a Spheroidical Cat, becomes 


X +5236x = 


COROLLARY I. 
Hence itappears, that, when n vaniſhes, the above Equation, for a Sphe- 
roidical Caſk, becomes da — & x — Sa, the Equation for a whole 


Spheroid : Therefore, if @ (for Example) be== 126 Wine Gallons ( 
29106 cubic Inches), and d= 45.9 Inches, the correſponding Diagonal, 
nearly, we ſhail havex == 5.52, or 32.82 (nearly for the Semi- lengths of a 
prolate and an oblate Spheroid reſpectively; whence 35.47 and 14.55 Ci. e. 


V a: —x2) are reſpeQively the two Semi-diameters thereof; conſequently if 
the Ratio of the Axes of a prolate Spheroid be as 5.52 to 35,47, its Content 
will be truly obtained by the Diagonal Line; but, to effect the ſame in an 
o-!ong Spheroid, the laid Ratio muſt be as 32.82 to 14:55, nearly, 


ConroOLLARY 2, 


It alſo appears, that, in the above Equation for a Spheroidical Caſk (av 
well as in: that for a whole Spheroid), x has two poſitive Roots; and there- 
fore the other Value of x (in the Equation 1179.9225x — x3 = 1 5376.8) 


p 29 42 „ x* 
will come out 22.05, n-arly ; and conſequently the Bung ( n+1 


2nv di — x2 


and Head-Diamete:s ( 8 ) are == 22.5 and 24.2 reſpectively. 


N. B. 
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of that Diagonal, is to the Content of the Caſk 
in Ale or Wine Gallons ; ſo is the Cube of any 
other Number (or Diagonal) propoſed, to the 
Content of the Caſk in Ale or Wine Gallons, an- 
ſwering to that propoſed Diagonal: Whence it is 
evident, that the Cube of the Diagonal of any 
Caſk and its Content, (according to this Con- 
ſtruction) are always in a conſtant Proportion; 
and therefore, if the Content of the Caſk firſt 
found (or any other), in Ale and Wine Gallons, 
be divided by the Cube of its Diagonal, we ſhall 
obtain (nearly .002228 and .00272) two general 
Multipliers, whereby the Cube of any propoſed 
Diagonal being multiplied, the Product will give 
(nearly) the Content of the Caſk (on the Rod) 

in Ale and Wine Gallons reſpectively. | 
The Application of the Diagonal Rod is ſo very 
frequent and eaſy in Caſk-Gauging, that it will 
doubtleſs be of great Utility to the practical 
Gauger to be able to know, even by two very eaſy 
Operations in Diviſion, when it may be applied, 
with the utmoſt Certainty, to any Caſk (either of 
the 1ſt or 3d Variety) that can ever occur in 
Practice: For which Purpoſe, I have taken no 
{mall Pains to computes, from the Principles 
given in the preceding Note, the following Ta- 
ble; which exhibirs 61 different Forms of Sphe- 
roidical Caſts, and 47 different Forms of Caſks of 
the 3d Yariety, whoſe Contents will be truly ob- 
E e 2 rained 


I _——_w 


N. B. All the preceding Inveſtigations, relative to the Diagonal Line, are 
on a Suppoſition, that every cloſe Caſk, now in Uſe (as well as that from 
whence it was originally conſtructed), has ſtrictly this well-known Property; 
7, e. that the Square Root of the Sum of the Squares of half the Sum of the 
Head and Bung-Dizmeters and the Semi- length of a Caſk is exaZly equal to 
the a&ual Meaſure of its Diagonal; but the latter, when the Rod (or Rule) 
is bevelled at the End, will (except in ſome particular Circumſtances) ex- 
ceed the former a ſmall! Matter: This ſmall Exceſs ariſes from the Heads 
being a little bevelled all round within, in Order to go into the Groove of 
the Staves ; for, if the Heads were not bevelled within, the above - men- 
tioned Property would be flri2ly truc in every cloſe Caſk, 
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tained by the common Diagonal Line: And, from 
a few general Remarks, delivered in the following 
Pages, it may be eaſily known whether this Inſtru- 
ment exhibits more or leſs than the true Content of a 
Caſk ; provided the Quotient of the Head, divided 
by the Bung-Diameter thereof, is equal to any of 
thoſe in the Table: Which Table, in the Method 
wherein it is given, might have been extended, 
from the very ſame Principles, ſo as to have ſhewn 
treble the Number of Forms of Caſks whoſe Con- 
rents would be truly obtained by the Diagonal 
Line; but, as thoſe would be ſuch as could never 
occur in the Practice of Gauging, it would cer- 
tainly be Time miſapplied to compute them. 

I am ſenſible that this will appear, at firſtView, 
very ſtrange Doctrine to thoſe who have hitherto 
imagined, that the Diagonal Line was originally 
conjſtrufted from one particular Form of Caſes ; ne- 
vertheleſs I flatter myſelf, that the inguiſitive and 
candid Reader will ſoon be convinced of the Ab- 
ſurdity of ſuch an Opinion. And though I am 
here under a neceſſity of appearing quite ſingular, 
as not being ſupported by the Authority of any 
Author whatever, yet 1 hope I ſhail not be raſhly 
condemned merely on that Account : For, I dare 
venture to pronounce, what I have advanced on 
this Head, however ſtrange and ſingular it may 
at firſt appear, will be found, on the ſtricteſt Exa- 
mination, to be ſupported by Truth ; which is 
the greateſt Authority, and the utmoſt we can 
aim at in all Mathematica] (and other) Enqui- 
TICS. 

I ſhall now proceed to lay down the above- 
mentioned Table, and to give a few explanatory 
Remarks thereon, in Order to ſhew its Compre- 
henſiveneſs and Utility ia the Application of the 
Inſtrument. 


A TABLE 
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A TABLE Hhewing the Forms of Spheroidical 
Caſks, and alſo thoſe of the 3d Variety, whoſe 
Contents may be truly obtained by the common 
Diagonal Line. 


FY 


The Head- SPHEROIDICAL | Tul 
Diameter CAsks. _ VarierTy, 
livided by 
the Bung- || The Head Diameter The Head- Diameter 
Diameter, divided by the Length, wo by the Length, 
| 

Quotient, Quotient. Quotient. Quotient. Quorient, | 
| .bo 328 or 911 380 or 759 | 

61 334 or 910 387 or 758 

62 «341 or 908 393 or 756 

63 349 or 906 400 or 754 

64 356 or 903 +407 or 752 | 

.65 363 or .,g00 416 or 750 

66 370 or 895 425 or 748 | 

67 .378 or ,$g0 434 or 746 

68 386 or 884 444 or 744 

69 394 or 878 453 Or 742 

70 402 or $72 462 or 740 

71 410 or 806 472 or 738 

+72 418 or ,86r 480 orc *736 

73 427 or ,$56 490 or 734 

74 436 or 850 500 or 732 

75 444 or 844 510 or 729 

76 452 or 838 +520 or 725 | 

+77 461 or 832 „532 Or 720 

78 470 or . 826 +543 or 714 

79 480 or . 820 „556 or 706 

80 490 or 814 570 or . 690 

81 „500 or 807 588 or 674 

82 512 or . 00 612 or .657 

83 525 or 79 640 

84 537 or 78 | 

85 550 or . 780 

86 564 or 768 

87 583 or 750 

38 | .v07 or 726 

89 636 Or 698 

90 .. early. 67, nearly, 


Note. The preceding Table is now very commodiouſly 
graduated on the Five-Foot Rule, Sc. as made 
by that accurate Workman, Mr. Edward Ro- 
berts, in Dove-Court, Old Jewry. 1 


— OO — —— — 
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If the Form, or Figure, of any Spheroidical 
Caſk be ſuch, that the Quotient of the Head- 
Diameter divided by the Bung-Diameter is .85, 
and the Quotient of the Head-Diameter divided 
by the Length is either .55 or. 78; then will the 
true Content of ſuch Caſk be obtained by the 
Diagonal Line: Or, which amounts to the ſame 
Thing, when the Head-Diameter, Bung-Diameter, 
and Length are (very nearly) equal to, or in the 
Proportion of, 27.2, 32, and 49.5; or 27.2, 
32, and 35 reſpectively. 

But if the Quotient of the Head divided by 
the Bung-Diameter, of any Spheroidical Caſk 
whatever, is .85 (as above), and the Quotient of 
the Head-Diameter, divided by the Length, 
ſhould be either lefs than .;5, or greater than 
78; then will the Diagonal Line exhibit more 
than the true Content of the Caſk : On the con- 
trary, if the ſaid Quotient is between .55 and 
and .78, the Diagonal Line will zben give le than 
the true Content. 

Under the ſecond of the above-mentioned 
Forms (or early), are comprehended all Rum 
Puncheons, Herefordſhire, &c, Cyder Hoghheads, 
and half Hegſbeads; and many other Caſks to be 
met with in Practice. 

If the Form of any Caſk of the 3d Variety is 


ſuch, that the Quotient of the Head-Diameter 


divided by the Bung-Diameter is .75, and the 
Quotient of the Head-Diameter divided by the 
Length is either . 31 or .729; then will the 
Diagonal Line exhibit the 7rue Content of ſuch 
Caſk: Or, which is the ſame Thing in other 
Words, it the Head-Diameter, Bung-Diameter, 
and Length are reſpectively equal to, or in the 
Proportion of, 24, 32, and 47.06, or 24, 32, 
. 


But 
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But when the Quotient of the Head divided 
by the Bung-Diameter, of any Caſk of the 3d 
Variety, is .75, and the by eee, of the Head- 


Diameter divided by the Length is either leſs 
than . 51, or greater than .729 ; the Diagonal 
Line will then exhibit more than the Con- 
tent of the Caſk; but, when the ſaid Quotient 
is between 51 and . 729, it will ſhew Ie than 
the true Content. | 

Hence it appears, that the true Contents of 
Lion Wine Pipes (being of the 3d Variety) will 
be nearly obtained by the Diagonal Line, and 
alſo that it will exhibit more than the Content of 
Port Pipes (of the 3d Variety) ; becauſe the Quo- 
tient of the Head-Diameter divided by the Length 
is always /e/s than . 51. 

It moreover appears, that a Mountain Butt, if 
it is of a ſpheroidical Form, will be ſomewhat 
under-gauged by the Diagonal Line; but if it 
is of the 3d Variety, the Diagonal Line will hen 
exhibit the true Content: For the Content of a 
Caſk of the 3d Variety, whoſe Head, Bung- 
Diameter, and Length are reſpectively as 26.56, 
32, and 41.5 (which is nearly the Form of 
Mountain Butts) will be truly obtained by the 
Diagonal Line. 

To determine whether the Diagonal Line, ac- 
cording to the preceding Table, will exhibit the 
Content of a Spheroidical Caſk ; whoſe Bung- 
Diameter is 3o, Head-Diameter 24.3, and the 
Length 48.6 Inches. 


B. Diam. H. Diam. 
30) 24.300. 8 1 Quotient, 

Length. H. Diam. 
48.6) 24. 300. 3 Quotient. 
Hence 


| 
| 
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Hence it appears, becauſe theſe two Quotients 
exaftly correſpond in the foregoing Table, that 
the Content of the Caſk, here propoſed, will be 
obtained by the Diagonal Rod. —The Truth 
whereof is thus made out. 

The Square of 24.3, half the given 

„ + .:{-: + < :» j:. S909 
The Square of 27.15, half the Sum 

of the Bung and H. Diameters, ot 131-1225 


— 


The Sum (or the Square of the Dia- 
„„ 
whoſe Square Root is 36.43 Inches, the required 
Diagonal of the Caſk ; anſwering, as near as can 
be determined by Inſpection on the Diagonal 
Line, to 107+ Ale Gallons, or 1314 Wine Gal- 
lons. — Now the Content of this Caſk, found by 
the general Rule, Pa. 169, is 107.8 Ale Gallons, 
or 131.6 Wine Gallons ; the ſame as appears by 

the Diagonal Line. 

If the Quotient of the Head divided by the 
Bung-Diameter, of any Spheroidical Caſk what- 
ever, be .81 (ſee the preceding Table), and the 

uotient of the Head-Diameter divided by the 
Length be .807 ; the Diagonal Line will hen 
likewiſe ſhew the Content of ſuch Caſk. 

But when a Caſk is of the 3d Variety, and the 
Quotient of the Head divided by the Bung- 
Diameter is. 81 (as above); then, in Order that 
the Diagonal Line may exhibit its rrue Content, 
the Quotient of the Head-Diameter divided by 
the Length muſt be either . 588, or .674 : See 
the Table. 

It may be neceſſary to obſerve when the Form 


| 1327.6125 


of a Caſk (of either Variety) is ſuch, that the 


uotient of the Head-Diameter divided by the 
Length falls between hoſe which correſpond to 
the 
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the Quotient of the Head-Diameter divided by 
the Bung-Diameter (as found in the Table), the 
Diagonal Line will hen ſhew /e/s than the Content 
of ſuch Caſk: But when the Quotient of the 
Head-Diameter and Length is either 4% than the 
leaſt, or greater than the greateſt of the aforeſaid 
Quoatients z then will the Diagonal Rod exhibir 
more than the Content of the Caſk. — As for 
Inſtance, in the Numbers laſt ſpecified, if the 
Quotient of the Head-Diameter divided by the 
Length falls betwecn1 .588 and. 674, the Diagonal 
Line will ſhew 4%; but, if the ſaid Quotient is 
leſs than .588, or greater than .674, it will ex- 
hibit more than the Content of ſuch Caſk.—Ob- 
ſerve the ſame of all the other Numbers in the 
preceding Table. 

[ might here have given, from the very ſame 
general Principles, a Table of the 2d Variety of 
Caſks, or thole of a Parabolic Spindle : But ſuch 
a Table, I judged, would be wholly unneceſſary ; 
ſince it is well known, that the Content of a Caſk 
of this Variety differs but little from that of a 
ſpheroidical Form, each having the ſame Head- 
Diameter, Bung-Diameter, and Length; eſpe- 
cially ſuch Caſks where the Diagonal Rod can be 
applied; and therefore a Table tor the 2d Variety 
would differ but very little from that already given 
for Spberoidical Caſks. 

Before I put an End to this Section, it may be 

roper to remark, that the Form of a Caſk, with 
Reſpect to Curvature, depends chiefly upon the 
Diſtance mn (lee Fig, Pa. 168) ; which Diſtance 
(it is well known to every Cooper) may be made 
greater or leſs to any aligned Head-Diameter, 
Bung-Diameter, and Length : For the Sides of 
the Staves of every cloſe Caſk are jointed upon an 


Inſtrument (called a Jointer), which is not a 
perfect 


os ——— — — 


218 ATRTATISE of Ster. X. 


perfect Plaue, but is, in a ſmall Meaſure, con- 
cave (or hollow) each Way from the YJointer- 
Iron; by which Means the two Sides of every 
Staff, from each Extremity thereof to the Mid- 
die, have a ſmall Degree of Curvature ; the Ver- 
tex of the Curve being at (or near) th of the 
Staff's Length: And therefore, according as the 
Sides of the Staves have a greater or leſs Degree 
of Curvature, or the Jointer, from whence they 
were formed, is more or leſs hollowed, the Diſ- 
tance mn (ſee Fig. Pa. 100-2 will be leſs or 
greater, or (as the Coopers phraſe it) the Caſk will 
have a higher or wer Quarter. 

By Reaſon of theſe plain Facts, I therefore can- 
not coincide with the Opinions of thoſe ingenious 
Gentlemen who have aſſerted, that ſcarce any 
clole Caſk can be made to contain ſo much as the 
Middle Fruſtum of a Spberoid. — It muſt, indeed, 
be allowed, that there are more Caſks to be met 
with that are /e/s, than are equal to that Variety: 
But it does not, however, follow from thence, 
that it is 7mpoſſible to form a cloſe Caſk equal to 
the Middle Fruſtum of a Spheroid, or even much 
greater than that Variety, if it was required: And 
therefore it is highly requiſite, that every Perſon, 
concerned in Caſk-Gauging, ſhould have a ſtrict 
Regard to the Quarter of the Caſk, or the Dia- 
meter in the Middle between thoſe of the Bung 
and Head; which Diameter may be, very nearly, 
determined, by finding the Diſtance mn. (See 


Pa. 168). 


SECTION 
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SECTION XI. 


Or ULLAGING or Casks. 


HE Method now practiſed in the Ullaging 

of Caſks, whether lying or ſtanding, is by 
the Lines of Segments on the Sliding-Rule (de- 
ſcribed in Pa. 32, Sc.) Though other Methods 
may indeed be given, far more general and accu- 
rate; yet there are none, that have occurred to 
me, but what will, perhaps, be thought too te- 
dious for practical Ule. 

The late ingenious Mr. Milllam Yeo (in a whole 
Treatiſe upon Ullaging, publiſhed in the Year 
1749) has computed very accurate, extenſive, 
and tamiliar Tables of Segments, not only for one 
particular Sort, but for eight different Forms, 
both of ſtanding and lying Spheroidical Caſks : 
From theſe Tables we can readily determine what 
two Forms of Spheroidical Caſks agree, very 
nearly, with the Lines of Segments on the Sliding- 
Rule. — Yiz. The Ullage of every ſtanding Sphe- 
roidical Caſk, whereof the Quotient of the Head 
divided by the Bung- Diameter is .82,* will be, 

F f-2 very 


® Tt appears, in the Tables above cited, that the 6th Column for ſt end- 
ing Spheroidical Caſks (where the Head divided by the Bung-Diarerer is 
.$1, .$2, . 83, or .$4) anſwers beſt to the Line S. S on the Sliding- Rule ; 
therefore let .$2 (which is near the Mean of the Four} be taken for the 
e of the Head divided by the Bung-D.ameter ; then will the Ullage 
of any ſtanding Spheraidical Caſk, having that Property, be (wery nearly 
obtained by the Sliding-Rule, iet the Length of the Caſk be wwhat it will ; 
For we ſhall prove in 2 Corollary farther on (Pa. 225), that in any two 
ſtanding Spberoidical Caſts, having the ſame Ratio of Bung and Head- 
Diameters, and alſo the Quotient of the wet Inches of each C:iſk, divided 
by 


220 ITRFATIS Ef Scr. XI. 


very nearly, obtained by the Line S8. S, and thoſe 
marked A and B on the Sliding-Rule: And the 
Ullage of a lying Spheroidical Caſk will be nearly 
found by the Sliding- Rule, when the Quotient of 
the Head divided by the Bung-Diamecer is 73, 
and the Quotient of the Head-Diameter divided by 
the Length is . 37. Moreover, it is eaſy to per- 
ceive, from the fore- mentioned Tables, that, in 
any ſtanding Spheroidical Caſk, if the Quotient 
of the Head divided by the Bung-Diameter is leſs 
than .82, the Ullage then obtained by the Lines 
S. S and A and B, will be 4% much, if the Caſk is 
leſs than half full; and % little if above half full: 
But, on the contrary, if the ſaid Quotient is 
greater than. 82; then the Ullage, found as a- 
bove, will be zoo little, if the Caſk is leſs than half 
full; and 4% much, if more than hali full. 

Again, 


—— —_—_—_ — cu n 0 


by its reſpective Length, equal to each other, the Ullages of thoſe twe 
Caſks will be in the Ratio of their whole Contents, 

But, with Regard tolying Caſks, the Caſe is different: For the Ullages of 
any two lying Spheroidical Caſks, having different Lengths, and the Bung and 
Head- Diamerers, and alſo the wet Inches, the iame, will not (except 
when the Caſks arc exa7!y half full) be to each other in the Ratio of the 
whole Contents of thole Caſks, Hence it appears, that the Line S. L on 
the Sliding-Rnle can only anſwer to one particular Form of Spheroidical 
Caſts, i. e. ſuch, whoſe Head, Bung, and Length, are in ſome conſtant 
Ratio: In Order to determine which, proceed as follows, 

+ In the aforeſaid T ables, for lying Spherordical Caſis, it appears that the 
Segments which anſwer neateſt to thoſe on the Sliding-Rule, ftand under 
theſe Ratios of the Bung and Head-Diameters; wiz. 74, +75, and. 76: 
duppoſe, for Inſtance, we take“ ,75 (as being the Mean) ; then, by the 


well-known Theorem for Spheroi dical Caſts, 2X .75* X 7854 X - = 13 
3 


T 
whence . 678 I 1, and {= "I =7.5, the required Length, nearly, 


Hence, the Quotient of the Head divided by the Bung-Diameter is .7 5, 
and the Quotient of the Head- Diameter divided by the Length — is . 5 2 
; 1.5 


Or, which is the ſame Thing, the Head, Bung-Diameter, and Length, are 
3% 24, 32, and 48; whence the Ullage of every lying Spherordical Caſhy 
having this Proportion, will be nearly obtained by the Sliding-Rule. 
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Again, it appears by theſe Tables, that in a 
lying Spheroidical Caſk, if the Quotient of the 
Head divided by the Bung-Diamerer be leſs than 
75, and the Quotient of the Head. Diameter di- 
vided by the Length be leſs than .5, the Ullage 
found by the Line S.L and the Lines A and B, 
will be too much, if the Caſk is leſs than half full 
and foo little, it above half full: But if the ſaid 
Quotients are greater than .75 and. 3; then the 
Ullage, found as above, will be zoo ltle, if the 
Caſk is leſs than half full; and toe much, if above 
half full. 

It may be proper to obſerve to the practical 
Reader, that, in ullaging by the Sliding-Rule, 
we are much more ſubject to Error in lying, than 
in ſtanding Caſks, 


To find the Ullage of a Caſk by the 


SLIDING- RULE. 


Paik 


The Length (or Bung-Diameter), wet Inches, 
and Content, of a ſtanding (or lying) Caſk being 
given; to find the Ullage thereof. 


GENERAL RULE. 


To 100 on S.S (or S. L) ſet the Length (or 
Bung- Diameter) on the Slide N; then againſt the 
wet Inches on N, is the Segment on $S.S, if a 
landing Caſk ; or on S. L, if a lying Caſk : A- 
gain, to 100 on A, ſet the whole Content on B; 
then oppoſite the ſaid Segment on A, is the re- 
quired Ullage on B. 


EXAMPLE 
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EXAMPLE I. 


Let the Content of a ſtanding Caſk be 142 
Gallons, the Length 52, and the wet Inches 20 ; 
to find the Ullage, or Quantity of Liquor in the 
Caſk. 


To 100 on S.S, ſet the Length 32 on N; 
then againſt the wet Inches 20 on N, is 37 the 
Segment on S.S: Again, to 1000n A, let the 
whole Content 142 on B; then againſt the above 
Segm-nt 37 on A, is 52+ Gallons, the required 


Ullage on B. 


EXAMPLE 2. 


Suppoſe the Content of a lying Caſk to be 112 
Gallons, the Buag-Diameter 33, and the wet In- 
ches 22.5; to find the Ullage. 


To 100 on S. L, ſet the Bung-Diameter 33 on 
N; then againſt the wet Inches 22.5 on N, is 
74.5 the Segment on S. L: Again, to 100 on 
A, ſet the Content of the Caſk 112 on B; then 
againit the ſaid = 74. 5 on A, is 83.5 Gal- 
lons, very nearly, on 


After the Segment of a Caſk (either ſtanding or 
lying) is found, the Reſult, from the Remainder 
of the Operation, will be the very fame as above; 
if to 100 on A, we ſet the Segment (inſtead of 
the Content of the Caſk) on B, and look againſt 


the ſaid Content on A, for the Ullage on B. * 
In 


— 


* The Ullages of two ſtanding Spheroidical Caſks (whoſe Bung and Head- 
Diameters areto each other in the ſame Ratio, and the wet Inches of each Caſk 


in the Ratioof their Lengihs) will bz to each ot her as their whole Contents (ſee 
Pas 
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In the laſt Example, the Segment was found to 
be 74.5: Therefore to 100 on A, ſet 74. g on B; 
then againſt the Content 112 on A, is 83.5, very 
nearly, on B ; the ſame as before. | 

It may not be amits to oblerve, that after the 
Segment of any Caſk is found (as above) by the 
Lines S. and S.L, the Reſt of the Operation 
may be performed, without the Lines A and B, 
by only multiplying the whole Content of the Caſk 
by the ſaid Segment; the Product thereof, after 
pointing off two Decimals more than are contain- 
edin both the Content and Segment, will be the 
required Ullage. 

In the preceding Example, the Content of the 
Caſk is 112 Gallons, which being multiplied by 
the Segment 74.5, the Product is 8344.0 ; there- 
fore, by cutting off two Decimals more, we have 
83.440 Gallons, the required Ullage ; the ſame as 
above. 

If it was required to find the Vacuity, or the 
Quantity of Liquor drawn out of a Cask, the 
Method of Operation will be the very ſame as any 
of thoſe given above; only obſerve to uſe the dry 
Inches, inſtead of the Wer. 


Prop, 


— 


Pa. 225): Therefore let a denote the Content of a Caſk, whoſe Ullage is 
ſought, and ù the Segment (or correſponding Ullage) of aCazk, whote Content 


b 
is 100 Gallons ; we ſhall then have, 100 14 :: : — „ or, alternately, 


100 : 6 n 42: oe : Whence it is plain, that the Reſult will be the very 
100 


ſame, whether a or (on B) is ſet to 100 on A: Moreover, dividing the 
Product (a xXx) by 100, is manifeſtly the ſame as cutting off two Decimals 
more than are contained in the Factors aand 6. 

The ſame is to be obſerved in two ly ng Casks, only thoſe indeed muſt be 
fimilar in every Reſp-&, and conſequent!; the Segments (or Ullages) will be 
ſo too; provided the wet Inches and Bung Diameter of eagh Cask are to each 
other in the ſame Ratio, 


224 A TrEATISE of Src. XI: 


. II. 


The Bung and Head-Diameters, Length, and wet 
Inches of any ſtanding Spheroidical Cask being 
given; lo determine the Ullage thereof. 


RuLE. 


r. Divide the Square of the wet Inches by three 
times the Square of haif the Length of the Cask, 
to the Quotient add- Unity, and from this Sum 
ſubtract che Quotient of the wet Iaches divided by 
halt the Length of the Cask, and note the Diffe- 
rence. 

2. Multip'y the Sum of the two given Diame- 
ters by their Difference, that Product multiply by 
the wet Inches, and this Product multiply by the 
above noted Difference; then let this laſt Product 
be ſubtracted trom the Square of the Bung- Diame- 
ter multiplied by the wet Inches, and the Re- 
mainder being 5. 0027851 for Ale Gallons Þ 
multiplied by J. 0034 for Wine Gallons J 

BK for Ale Gallons 
n * for Wine Gallons * 
duct, or Quotient, gives the required Ullage. 


EXAMPLE, 


+ Let the Bung-Diameter (CD, Fig. XIV.), Head-Diameter (EF or 
GH), and half the Length (OL or OM) ct a Spherordical Caſk (in Inches) 
be denoted by 6, b, and / reſpeRively ; alfo let p'= .78539, the Semi- 
tranſverſe Axis (AO) of the whole Spheroid = wv, and the variaul- D.ſtance 


2 
Lu = x: Then, by the Property of the Curve, we have — * 


bee ee — — 2 
IK Xx v+I--« (== X wv?—[342/x —x*) = the Meaſure of 


52 _— 
ikke Section 27; thereſo:e — Xx N -H T - is the Fluxion of 
che 
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EXAMPL E. 


Let the Bung-Diameter of a Spheroidical Caſk; 
be 35 Inches, the Head Diameter 28 7, the 
Length 40, and the wet Inches 30; r:quired the 
Ullage in Ale and Wine Gailons, 

63 Oer RATILOR. 


* - * 
1 — ** 1 


Fi ads | ; 
the required Solid, whoſe Fluent is — X A- x +3 — 72 but, by 
6*/2 


12 — 
the Nature of the Curve, 222 1 v 2—1 2, . >= — which 


$63 
b</ 2 * 
r 


being ſubſtituted (for v2) in the above Expreſſion, we get 


27 Alm 52 þ*/* x 
CEE 8 r 2 — * . 
—— b*— 7 3 


* 72 : 8 
8 & — x - = pb*x + r N 2 


5 2 
-—_ the Content (in Inches) of the variable Part FEnr, 


Q. E. 1. 


CorROLLARY 1. 
When, in the foregoing Expreſſion for the Ullage, x == 21; we then get 


52 2— 62 6 2 pl — 
25h + -pl X „ or its Equal, _ X 24* + 2, for the whole 
Content of a Spheroidical Caſk, in cubic Inches, 


ConoltaRky 2. 
Hence we can eaſily deduce the Reaſon of that Aſſertion in the Note, Pa. 


219.—For it is evident (ſuppoſing — to remain the ſame) that _ —— 


A will be a conſtant Quantity; and therefore {5 and þ being conſtant) the 
3 


— — 


— lr1— * 4 2 
Expreſſion ( Pb Hp x 62 —b% e 777 for the Ullage, let / be 


what it will, is evidently as x, the Altitude of the Segment; but xand/ (by 
Hypotheſis) are in a conſtant Ratio, and therelore the above Expreſſion ba F 
uc 
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OPERATION. 


The Square of 30 (the wet Inches) is goo, 
which being divided by 3 times the Square of 20, 
halt the Length of the Cask (viz. 1200), the 
Quotient will be .75, to which add Unity, and it 
SEE .f Ss =; > - - 276 
Subt. the Quotient of 30 divided by 20, viz. 1.5 


Difference note .25 


The 


— 
8 — —_ 


— 


fuch Caſe) will be as /, the whole Length of the Caſk, which is manifeſtly as 
the whole Content thereof, & and b 1<maining the ſame ; conſequently the 
above Expreſſion (for the Ullage of any upright Spberoidical Caſk) when b, b 
and— remain the ſame, will be to the whole Content thereof in a conſtant 


Ratio, let its Length be what it will; 


OTuzRwisr, more generally, 


Let 6 and þ denote any two Numbers whatever, in a conſtant Ratio to each 


; 2 
ot her, and let 7 be ſuppoſed a conſtant Quantity, Put — —— — — 
3 


(being in this Caſe conſtant) ==» ; then the foregoing Expreſſion for the Ullage 


becomes px X 6* ＋ 4+—4* X n; but the whole Content of the Caſk is 
/ — 
(by Cor. 1.) expreſſed by —— X 26* + ; we muſt therefore prove whe- 


ther or not px X 5* + 5 — x 70 = X 27 +3 in aconftant 
Ratio, under the above - mentioned Circumſtances, Firſt then (by Hypotheſis) 


[ 
px: - (or &: I, in a conſtant Ratio; it therefore now remains to 


prove, that 2 + - x n (or bx b+ b+hb x - X ) is to2bxb 
＋ x in a conſtant Ratio: Now it is evident, that every Factor (i.e, b, 


. b—b, and-b) contained in the Terms of the Ratio will be equally 
aflected by any Multiple, or Part, of & (and h being taken; whence it fol · 


lows, that the four Quantities, or ReQangles CY xb, b+b x —5 X , 
26 x6, and b xy, viz, two in each Term ot the propoſed Ratio, will be each 
So 
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The Sum of the two Diameters is 63.7 
Multiplied by their Difference 63.3 


1911 
3822 


Gives 401.31 
Multiplied by the wet Inches 30 


_ 


. Gives 12039.30 
Mulciplied by the above noted Diff. 25 


The Product is 3009.82 5 


The Square of the Bung-Diam. (3 5)is 122 5 
Multiplied by the wet Inches 30 


Product is 3670 
From which take the laſt Product 3009. 825 


Remains 33740.175, 
which being multiplied (or divided) according to 
the preceding Rule, we ſhall have 94 Ale Gallons 

Gg 2 and 


—. 2 
6 


of them augmented, or diminiſhed, alike ; and conſequently bx 5 + b+b * 


b—bXn : 2bxb+bXb in a conſtant Ratio; this being multiplied by two 
Factors, which are (by Hypotheſis) alfo in a conſtant Ratio to each other 


[ 
Ci. e. px and =) the Products muſt alſo be in a conſtant Ratio; that is, 


Sx x D- Xx: = X 26452 in a conſtant Ratio, let b and þ be 


what they will (in a conflant Ratio), and — a conſtant Quantity, — That is, 


in Words, let any two ftanding Spheroidical Caſks be taken, whoſe Bung- 
Diameters and Head-Diameters are in the ſame Ratio to each other, and alſo 
let the wet Inches of each Caſk be to each other in the Ratio of their Lengths; 
then will the Contents of thoſe Ullages be to each other in the Ratio of the 
whole Contents of the Caſks, let their Lengths be what they will, 
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and 114.7 Wine Gallons, the Contents of the re- 
quired Ullage. 

The whole Conteat of the foregoing Cask (by 
the Rule in Pa. 169) is 148.5 Wine, and 121.5 
Ale Gallons; whence, by the Sding-Rule, the 
Contents of the Ullage will come out the very 
ſame as thoſe above: The Reaton whereof is, be- 
cauſe it the Head- Diameter (28.7) is divided by 
the Bung-Diameter (35), the Quotient will be 

2. (See Pa. 219) 

The preceding Rule is ftriFly true for deter- 
mining the Ullaye of any ſtanding Spheroidical 
Cask whatever; and, though rather coo tedious for 
ordinary Practice, will app rehend, be found 
more expeditious than any general Rule hitherto 
given for that Purpoſe; there being no Neceſſity, 
by this Method, for previouſly finding the Content 
of the Cask, before that of the Ullage. 

But, if there be known (beſides the Dimenſions 
given in the foregoing Propoſition) the Dizmeter 
cf the Liquor's Suriace, we can readily determine 
the Ullage of any upright Cask, let its Variety be 
what it will. 

For let a Mean-Diameter, and conſequently the 
Area in Ale and Wine Gallons, correſponding to 
the Bung- Diameter and the Diameter of the Li- 
quor's Surface, be found, agrc -eable to the Variety 
— the Cask, as already taught in Set. X; then 

nis Area being multiplied by the Diſtance of the 
Suriace of the Liquor from the Bung-Diameter, 
and that Product added to, or ſubtracted from 
nalt the Content of the Cask, according as it is 
mere or leſs than hal full; the Sum, or Difference, 
will be the required Ullage. 

From what has been delivered (Set. IX. Pa. 
] 79H we might eaſily deduce Rules for computing 
the Dlametet of the Surface of the Liquor, at any 

given 
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given Altitude of an upright Spheroidical Caſk, or 
that of a Parabolic Spindle : But the following 
Method is far more expeditious, and will be ſuffi- 
ciently exact, for any of the three Varieties. 

Suppoſe, for Example, the Diſtance by (ſee Fig. 
Pa. 165) to repreſent the wet Inches ; then care- 
fully meaſure the perpendicular Diſtance ad, the 
Double whereof being taken from the Bung-Dia- 
meter AB, leaves the Diameter of the Liquor's 
Surface, 


Let, for Inſtance, the Bung and Head-Diame- 
ters, Length and wet Inches of a Spheroidical Caſt 
be the {ame as in the preceding Example, alſo let 
the Diameter of the Liquor's Surface be 33.5 In- 
ches, found (in this Caſe} by the Rule in Pa. 179; 
required the Ullage in Wine Gallons. 


OPERATION, 


Bung. Head, Quot. 
35 ) 33-50 (.96, nearly. 


Then (by the general Rule, Pa. 196) againſt 
.96, in the Column tor Spheroidical Casks, we 
have 67 

Which being mulcipli: 4 by the =—_—_ : 
of the Diameters 5 

335 
67 


_— 


Gives 1.005 


Add the Head-Dlameter 37.5 


Mcau-Diamccer 34.505, the 


L354 


A bring 
W 
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Area whereof in Wine Gall ons is 4.04, &c. 
Mult:plied bythe Diſtance of the Li- 
quor's Surface from the B. Diam. 1 I 


— — 


po 40.40 ; 
Add half the Content (ſee Pa.22874.25 


Gives the Ullage es Wine 
Gallons; the ſame. as before. 


The Buſineſs of finding a Mean-Diameter (SeZ. 

X.) being now rendered very exact, expeditious, 
and general, for any of the three Varieties; it is 
therefore preſumed, that the 12 0 Method of 
a : by the Pen, the L 2 any ſtand- 

ing Cask (and alſo that wich ak for lying 
Casks), will be found preferable to any ether that 
can be given. 


PA Or. III. 


The Bung and Head. Diameters, Length, Variety, 
and wet Inches of any, Caſk (leſs * half full) 
being knoten; lo find the Quantity of Liquor therein, 
in Ale and Wine Gallons. 


 & % i A 


Let the Mean Diameter be found (ſee Sec. X.) 
agreeable to the propoſed Variety of the Cask: 
From the wet Inches ſubtract half the Difference 
between the Bung and Mean- Diameter, and divide 
the Remainder (with Cyphers annexed, ſee the 
Rule in Pa. 93) by the Mean-Diameter; then, 
againſt the Quotient, under the Letter V. S, in 
the Table of the Areas of the Segments of a 
Circle, we have a Decimal Fraction, which being 
multiplied by the Square of the Mean-Diameter, 

| that 
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that Product multiply by the Length of the Caſk, 
and this laſt Product divide by 282 for Ale, and 
231 for Wine Gallons, the Quotient will give the 
Ullage ſought. * 


EXAMPLE. 


"Suppoſe the Bung-Diameter of a Spheroidical 
Caſt is 32 Inches, che Head-Diameter 24, the 
Length 48, and the wet In. hes 14 ; required the 
Ullage in Ale and Wine Gallons, 


OPERATION. 


ae 
_ 


— — 


—— — 


* Let BCEF (Fig. XV.) repreſent a lying Caſk, ab its Mean- Diameter, 
Ad the wet Inches: Then, ſuppoſing RA drawn parallel to the Axis 3 u, it is 


plain that Ae (c = =D I the Difference between the Bung 
| | 2 


and Mean- Diameter; therefore Ad (er) —Ae=br = the Verſed Sine of the 
Segment of a Circle whole Diameter is ab, Now let the Meaſure of a Seg- 
ment of a Circle, 'whoſe Diameter is Unity, {in the preſent Caſe = 1 Inch) 
be denoted by A, the Mean-Diame ter ab==b, and the Length zn (=www )==/: 
Then, by the Theorem, Pa g1, 1* : 2 :; A: % X A the Meaſure of a Seg- 
ment of a Circle (whoſe Diameter is ab} fimilar to that of A; conſequently 
63A x / = the Meaſure (in Inches) of the Ullage ABvwF, CE. I. 


CoROLLARY, 


If A repreſents the Meaſure of a Segment of a Circle, whoſe Area is U- 
nity (Ci. e. one Inch), & and / as betorc : Then, becauſe the Areas of Cir- 
cles are as the Squares of their Diametere, we have x : b*X.7854 :t A: 
+738 546*X A = the Meaſure of a Segment, fimilar to that of A; therefore 
+78 546%] X A = the Meafure of the Ullage Anh in Inches, nearly ; 
that is, the Segment in the able, in Everard's Gauging (where the Area 
of the Circle is Unity), b*iag multiplied by the who! Content of the Caſk, 
tives the required Ullage: But the Methods exhibited above are more 
expeditious ; becaufe we are, by thoſe Methods, unde Neceflity of, pre- 
viouſly, finding the whole Content of the Caſk ; and morcover, the Ullage 
may be obtained with the ſame Expedition, whether the Caſk is more or 
leſs than half full, provided the l able of Segments of a Circle was continued 
to 1000 Places, or to the Area of the whole Circle; i. e. to. 78 598, Sc. 
Which indeed may be very eaſily effected, in the following Manner, 

From 78 5398 (the Area of a Circle whoſe Diameter is Unity) ſubtract, 
ſucceſſively, the Segments anſwering to the Verſed Sines ..490, 408, 497, 
and ,496, Sc. and th Remainders will ſnew, repectively, the Meaſures 
of the Segments correſponding to. 501, +502, +503, and ,504, Cc. Parts 
of Unity, or the Diameter of the Cirele. 


* 
: 
| 

I | 
F 
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OPERATION. 


T be Bu ng-Diameter 32 
The Diam. by the ule Pa. 196, is 29. 57 


Differe ce 2.43 


Half Difference is 1.21, 
which being taken from 14, the wet Inches, leaves 
12.79; then 


- M. Diam. M. Wet. Quot. 
29.57 )12.79000(.432 
Againſt .432, under the Letters V.S, in the 
I'able ot Segments of a Circle, is . 324909 


Mulplicd by the Square of 29. 57s 9 
the Mean- Diameter; viz. 74.38 


ä — 


Product is 484 0929. 
Multiplied by the Ro 48 
J — 
22727612 
11363756 


Product 1 3636.5072 


282)126036.507(48.356 Ale Gallons. 
231)13636.507(59.032 Wine Gallons. 


But if it be required to find the Quantity of Li- 

uor drawn out of any lying Caſk, when leſs than 

half full, or remaining in it when more than half 
full, proceed as iollows. 

Find, by the preceding Rule, the Circular Seg- 
ment in the Table correſponding to the wet 
Part of the Caſk, when leſs than half full, or to 
the dry Part, when more than Half ; which being 
ſubtracted from. 783398, the Remainder will be 
the Meaſure of a Segment ſimilar to the wet and 

dry 
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dry Part of the Caſk reſpectively; this being mul- 
tiplied and divided, as in the preceding Rule, gives 
the Ullage ſought. 


Let it be required to find, in the for-going 
Example, the Vacuity, or Quaitity ol Liquor 
drawn out of the Caſk ; the Operation will be as 
follows. 


From the Area of a Circle, whoſe Diameter is 


% 4o-4ES 785398 
Subtract the Segment anſwering to the 
wet Part (ſee Pa. 232.) | 324909 


— 


Leaves a Segment ſimilar to that correſ- Fas 
ponding to the dry Part of the Ca a 

Multiplicd by the Square of the Mean- g. 
Diameter; viz. . 5 c 874.38 


Product is 402.642 3 
Multiplied by the Length 48 


32211384 
16105692 


r——_ 


Product 19326.8 304 


282)19326.830(68. 534 Ale Gallons. 
231)19326.830(83.665 Wine Gallons, 


The Method of Operation for finding the Quan- 
tity of Liquor in a lying Cask, more than half full, 
is the very ſame as that given above; except, that 
the Segment (in the Table) muſt be found for the 
dry, inſtead of the wet Inches. 


The foregoing Met bod of ullaging a lying Cask, 
though not ſtrictly true, is more exact than any 


other that has yet occurred to me, and may be 
H h applied, 
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applied, with equal Facility, to any of the three 
Varieties ; becauſe it chiefly depends on the Mean- 
Diameter, which is now obtained with great Eaſe 
and Exactneſs, let the Variety of the Cask be what 
it will: (Sce Se. X.) — It may, however, be pro- 
per to obſerve here, that the Quantity of Liquor 
in a lying Cask, obtained by the preceding Me- 
thods, will be 40% much, if it be more than half 
full; and too little, if lets than half full; but the 
greateſt Error that can poſſibly happen, either in 
Exceſs or Defect. will be wholly inconſiderable in 
the Practice of Gauging.“ 


* It is very evident (ſee Fig. XV) that, when the wet Inches are equa} 
to (0: leſs than Ac half the Difference between the Bung and Mean Diam- 
ter, the Verſed Sine, and, conſequently, the mean wet Inches vaniſh; and 
thereſore the Quantity of Liquor in the Caſk (according to this Method of 
finding the Ullage) will be ga, when the wet Inches are equal to Ac, or 
lefs than that Diftance : Which is au. — Whence it follows that the 
Quantity of Liquor in 2 Caſk obtained by this Method) will be a ſmall Mat- 
ger tos little, if leſs than half full; and tg much, when above half full, 


SECTION 
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SECTION XIL 


Or meaſuring CURVE-LINED PLANES, 
by Approximation, 


H E general Method of approximating the 
Areas of curvilineal Planes, by Means of 


any given Number of equidiſtant perpendicular 
Ordinates (or Diameters), was firſt demonſtrated 
by the moſt illuſtrious NE NW] TON, and is well known 
to be a Subject of very great Importance in ſpe- 
culative Mathematics. 

And although this general Method has already 
been adapted to the preſent Subject (particularly, 
firſt of all, by that excellent Mathematiciaa the late 
Mr. Robert Shirtcliffe, in his Theory and Practice 
of Gauging, and afterwards by my late worthy 
and ingenious Friend, Mr. Samuel Farrer, in the 
Appendix to Overley's Gauging), yet we find it 
has not ſufficiently merited the Attention of every 

ractical Gauger, which, it is preſumed, is owing 
ro the Tediouſneſs of the Rules hitherto laid 
down. | 

For this Reaſon, I have endeavoured to put the 
Matter in as clear and pradlical a Light, as the 
Nature of the Subject can poſſibly admit of, and 
have illuſtrated the ſame wich ſuitable Examples: 
And moreover, to oblige the ſpeculative Rea- 
ders, I have given, in the ſubjoined Note,“ the 

H h 2 Demoaltratioa 


Dos —— 


PREZO TOS TIN. 
V Suppoſe the black Curve · line vnp (ſee Fig XVI.) to repreſent 2 (mall 


Portion of any Carve whatever, and the 4oited Line vnp a ſmail Portion a 
| | Common 


— , 2, 


— — 


— — — 


— — > — — 


| 
| 
| 
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Demonſtration of this Method; (which indeed does 
not eſſcntia.ly differ, exc pt in one Circumſtance, 

from 


— | — „ 
common Parabolic Curve, each paſſing through the Extremities of the three egui- 
diſtant Perpendiculars Au, Bn, Cp: To find an Expreſſion in Terms of thiſe 
three Ordinates (or Diameters), and their common Diflance AB (BC, &c.), that 

all accurately meaſure the Parabzlic Space; and conſequently that comprebended 
by the black Curve-line np, ibe Right-line AC, and the Perpendiculars Av, 
Cp, indefinitely near, 


Suppoſe the Axis (PQ) of the Parabolic Curve, to be parallel to the 
Ordinates of the propoſed Curve, draw the Right-line (or Ordinate) _ 
and parallel thereto draw MS; which is well known to be a Tangent to the 
Parabolic Curve, at the Point a; produce Av and Cp to meet Ms in m and 2: 
Then becauſe it is proved, by the Writers on Fluxions, that a Parabola is 
two-thirds of a Rectangle of the ſame Baſe and Altitude; it follows, from 
the very ſame Principles, that the Pa:abolic Area wnpwwy, is two-thirds of 
the Parallelogram wmsp. — Now it is evident, from common Geometry, 


Am ＋ Cs 
2 


that Ba (= ) X 2AB is equal to the Area of the quadrilateral 


Space An; C, and alſo that the Area of the Quadrilateral AvwpC is expreſſed 


by Av ＋ Cp (2Bw) X AB; moreover it is plain, that the Quadrilateral 
AmsC is greater than the Parabolic Area AwnpC, by exa#ly halt what the 
Quadrilateral AvzwpC wants of that Area; conſequently twice AmsC (== 
twice the Parabolic Space AvunpC + wnpw, or twice wnnsp) added to 


AwvwpC, gives three times the Parabolic Area AwrpC ; which Area alone, 
2BnX 2AB + Aw Cy x AB x: 
7 | , 
3 


will therefore be, aurately, expreſſed by 


— — AB 
AwtgPn + Cp X —} and therefore, when the three Ordinates (or 


Perpendicvlacs) are taken pretty near to each other, the common Parabolic 
Curve p:fſivg through their Extremities, will, very nearly, coincide with any 
other Curve, paſiing through the ſame three Points: Beciuſe, as a Parabolic 
Curve has an inte Variation of Curyature, it may be juſtly conceived to be, 
ery near iy, coincident with any other Curve for a ſmall Diſtance : Whence it 


is plain, the above Expreſſion (Av + 4Bn+Cp Xx = will exhibit the 


accurate Meaſure of the Parabolic Space AwnSC ;z and conſequently, very 
nearly (or accurately, under ons p'rticular Circumſtance), of that bounded 
by the Right line AC, the Perpendiculars Ar, Cp; and any other Curve- 
line pafling t“ tough the Extremes (v. n, and p) of the three equi+ 
diſtant Pe: pendiculars Av, Br, and Cp, Q. E. D. 


Cos oLEARVY 1, 


From hence t is eaſy to deduce a general Rule ſor determining, wery nearly, 
with n 049 Number of equivifiant Ordinates or Pei pendiculars whatzycy, 
tac Meaſure of any curvilineal Plane, buunded at its Ends by Right-lines 

parallel . 
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from what is given by that incomparable and moſt 
profound Mathematician, the late Mr. THomas 
StMysON, in his Diſſertations, Pa. 109). 

And 


— — —_— „* I 4 — — 


parallel to each other: For let the perpendicular Diſtance of thoſe two given 
parallel Lines Av, Gb, be divided into equal Parts, by any odd Number of 
Perpendiculars, Bn, Cp, De, &c. which in ſome Curves are conſidered as 
Ordinates, and in others (particularly the Parabola) as Diameters (and the 
greater the Number taken, the greater will be the Degree of Accuracy, in 
every curvilineal Plane, except the Parabela, wherein it is fir:&ly true): 


Then by the very ſame Reaſoning, as we found Av 4Br+ x = 


| — D 
for the Area of AvnpC, we get Cp + De r Ef x — — for the 


Area of CpefE, and likewiſe that of Efg5G== FJ Fats g x — 


Ec. therefore the Sum of thoſe Areas (each having one common Multiplier) 
will be expreſſed by — X Av-+48n+2Cp-op4DetzEf TAF RTC 
the Area of the curyilineal Plane AwnpefgbG, nearly ; Whence the general 


Rule is manifeſt, 
CoaROLLARY 2. 


If, at the Extremity of any curvilineal Space whoſe Area is ſought, the 
Ordinate is ſuppoſed to vaniſh 5 then (Av being Nothing) we have 


— B 
4$Bn+2Cp+4D-+2Ef + 4fg + Gb + &c. * ,a general Expreſſion 


for approximating, with any even Number of equidiſtant Perpendiculars, the 
Area of any curvilineal Plane, bounded by two perpendicular Right-lines and 
a Curve. The above Expreſſion, in Words, will be as follows.—To four times 
the Sum of the , zd, and 5th, &c. Perpendiculars (beginning at the leaſt) 
add the laſt, and alſo Double the Sum of all the Reſt ; this Total being multiplied 
by Id of their common Diſtance, the Product «will be the required Area, nearly, 


COROLLARY 3. 


Hence it appears, that if, at both the Extremities of any curvilineal 
Plane, the Ordinates (or Perpendiculars) be ſuppoſed Nothing, we ſhall have 


— | — A} 
4 * tt zCTADeTZETT AF ＋ Oc. x 2 25 a general Expreſſion for deter- 


mining, with any odd Number of Ordinates, the true Meaſure, nearly, of 
any curvilineal Plane, bounded by one Right-line and à Curve, or wholly by 
a Curie. The Fxpreſſion, in Words, will be thus, —7» for times the Sum 
ef the 1, 44, tb, & Porpendiculars, add Double the Sum of all the Reſt ; 
this Total being multi; lu by id if the common Diſtance of the Per pendiculars, 
the Freduct grves the Area j:aght, nearly, 

SCHOLIUMs 


— ——  — ©ﬀ— 


— — — 
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And from the ſaid Demanſtratian, I have de- 
duced two general Rules; one tor approximating, 
with any even Number of equidiſtant perpendicu- 
lac Ordinates, the Area of any curvilineal Space, 
bounded by two perpendicular Right-lines and a 
Curve; and the other for obtaining, with any odd 
Number equidiſtant perpendicular Ordinates (or 
Diameters\, the true Area, very nearly, of any 
curvilineal Space, comprehended either by a 
Right-line, and a Curve, or wholly by a Curve: 
Bur it 1s to be obſerved, that theſe Rules, for the 
moſt Part, will not approximate the Areas, of 


{uch Planes as occur in the Subject of Gauging, 
ſo 


- e — . — — * i — 
8 — 


SCHOLIUM, 

The two preceding Rules may be applied, with the greateſt Facility and 
Advantage, not only to the Menſuration of Land, but alſo to that of 
ſeveral Kinds of Artificers Work; ſuch as Glazing, Painting, Paving, 
Sc. For if the Boundary of any plane Figure whatever, whoſe Meaſure 
is ſought, ſhould conſiſt partly of Right-lines, and partly of Curves whoſe 
Properties are unknown; ſuch Figure may then be divided into Trian- 
gles and curvilineal Figures, each Figure bounced either by a Right- line 
and a Curve, ur by two perpendicular Right-Lines and a Curve: And 
therefore, any affigned Number of equidiſtant Perpendiculars may 
be found by actual Dimenfions, the Meaſures of thoſe curvilineal Figures 
may, in many Caſes with 5 or 6 equidiſtant Perpendiculars, be approxi- 
mated to an amazing Degree of Exactneſs; and that too, when all otber 
Metbods would prove wholly ineffectual.— It may be proper to obſerve far- 
thez, that neitber of the foregoing Rules will (without taking a greater 
Number of equidiſſant Perpendiculars) approximate the Meaſures of ſuch 
curviline2] Planes as above-mentioned, ſo near as that deduced from Cor. 
1; provided the Meaſure of the Segment, or the Part bounded by the 
Curve and the leaſt Orcinate, Ic. can be truly (or very nearly} obtained: 
Becanſe the Error increaſes towards the leaſt Ordinates or Perpendiculars, 
on Account of their Obliquity to the Curve; the Length whereof, between 
any two adjacent Perpendiculars, keeps continually increaſing, and con- 
ſequently gives greater Latitude for different Curves to paſs through the 
ſame three Points, in thoſe equidiſtant Perpendiculars. 

It the Number of equidiftant Ordinates (or Perpendiculars) exceeds thres; 
then the general Rule Cerived from Cor. 1. will not firifly agree with 
thoſe Rules obtained from the general Method of Differences; which deter- 
mines a Parabolic Curve of ſome Kind to paſs through any affign'd Number of 
Points: Whereas, in the Method here laid down, common Parabolic Curves 
are ſuppoſed to be deſcribed through the iſt, zd, and zd, the zd, 4th, 
and gth, and through the gh, 6th, and 7th, Sc. Ordinate; but thc Dif- 
terence arifing from computing the Area of any curvilineal Plane, by theſe 
wo Methods, is extremely {mall, and can never be of the leaſt Conſequences 


in the Bufineſs of Gaugiug, Cc. , 
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ſo near as the following general Rule; which deter- 
mines, very nearly, the true Meaſure of any cur- 
vilineal Plane, bounded by three perpendicular 
Right-lines, and a Curve of any Kind ; or by two 
parallel Lines, and two Curves of any Kind. 

It may be proper to obſerve here, that it will 
be always neceſſary, according to our Method of 
conſidering the Matter, to take an odd Number of 
Ordinates; which indeed is unavoidable, when an 
Ordinate is taken (as it always is, in the practical 
Method of taking the Dimenſions of a curvilineal 
Back, &-.) exattly in the Middle of the two ex- 
treme Ordinates: And therefore this Method, 
which is comprehended in one general Rule, let the 
odd Number of Ordinates be what it will, claims 
the Preference in Point of Expedition; ſince it will 
appear, by the following Examples, that a large 
Number of Ordinates does bur very little increaſe 
the Labour Computation, which is far from 
being the Caſe in any Rules (founded on indubi- 
table Principles) I have hitherto met with. 

Before we proceed to exemplify this Method, it 


may not be amiſs to give a few general Directions 


for taking the Dimenſions of curvilincal Backs; 
ſuch as are now frequently made Uſe of by Diſtil- 
lers, &c. 


Let the Bottom of an Elliptical Veſſel be repre- 
ſented by the following Figure; then in Order to 
find the Center, and alſo to draw the Tranſverſe 


en Conjugate Diameters thereof, proceed as fol- 
oys. 


f 
. 


Firſt; 


* 
| 
| 
| 
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DV. 


VV A 


Firſt, with your Chalk-Line, in any Part of the 
Back, ſtrike a Line AB; then, with one Foot of 
your Compaſſes on s, at ſome convenient Diſtance 
from AB, deſcribe an Arch of a Circle, ſo as to 
cut that Line, as at a; and with the ſame Extent 
upon , ſome Diſtance from à (in the Line AB) 
deſcribe the Arch mn; allo, upon as a Center, 
with the Extent ah, deſcribe another Arch, cut- 
ting mn in 7; through the Points s ander, ſtrike 
(with your Chalk-Line) the Right-line CD, which 
is parallel to AB, and through e aud d, the Middle 
of CD and AB, draw che Line EF; the Middle 
of which is (at O) the Center of the El ipſis: 
Upon O, as a Center, with a Line (or String) of a 
ſuitable Length, let two Marks be made in the 
Periphery of the Figure, as at G and H, and mark 
the Right- line GH, which biiect 77. e. divide into 
two equal Parts) in the Point ; through which, 
and the Center O, ſtrike (with the Cha k-Line) 
the Tranſverſe Diameter TS; and upon the rwo. 
Points v and v, as Centers, at a ſmall and equal 
Diſtance from O, with a large Extent of the Com- 
paſſes, deſcribe two Arches interſecting each other 
in 3; then through O and 2, draw the Conjugate 
Diameter VW. 

| After 


4 
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After the Bottom of the Veſſel is thus quartered» 
draw the Ordinates, or Right-lines, perpendicular 
to EF, by the following Method. (See the Figure 
Pa. 246). 

On each Side the Center O, in the Tranſverſe 
Diameter EF, ſet off, with your Compaſſes, any 
two arbitrary Diſtances ; that is, let rs be equal 
to m (i. e. each about 8 or 9 Inches, more or 
leſs, as may appear neceſſary): Then with any 
convenient Diſtance, or Diſtances (i. e. ſuch, that 
will make the Diſtance of two parallel Lines ſome- 
what leſs than what you judge the leaft Ordinate 
will be taken), and upon the Points mm, u, and 7, s, 
as Centers, deſcribe Arches of Circles, cutting 
each other in the Points a, a, and c, c; through 
which Points ſtrike, with your Chalk-Line, the 

allel Lines NT and PM, interſecting the Con- 
Jugate Diameter in the Points d and F reſpectively : 
From the Point d (or Y) ſet off, with your Com- 

paſſes, each Way in the Line NT, 2, 3, 4, &c. 
equal Diſtances, according as you intend to take 
5» 7, 9, &c. Ordinates; and at the ſame Time 
obſerve, that the Diſtance (eg or SV) of the ex- 
treme Orginates be taken (according to the Size of 
the Back), abour 4, 5, 6, &c. Inches leſs than the 
Tranſverſe Diameter at the Top : Again, with the 
ſame Extent, ſ-t off, each Way from the Point 
f, the ſame Number of equal Diſtances as thoſe 
ſet off above in the Line NT; that is, let #1, IE, 
FÞ and pv be each taken equal to d (or eb, &c.); 
then, with the Chalk-Line, through the Points 
e, v; 3, p; f, I; and g, &, mark the Ordinates (or 
Perpendiculars) AB, CD, GH, and IK. 

Note, It is wholly immaterial whether or not 
the parallel Lines, PM and. NT, are taken equi- 
diftant from the Tranſverſe Diameter ; that is, it 
makes no Difference whether we deſcribe, an the 


Points m, u, and r, 5 (as Centers) the Arches of 
I1 Circles, 


— — — 


—ͤ— —— 
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Circles, on each Side the Tranſverſe, with one 
common Radius (or Interval}, or with two dif- 
ferent Radii (or Intervals). 

Now, in Order to draw Lines from the Extre- 
mities of the Ordinates, &c. up the Sides of the 
Back (fo that che Ordinates may be taken, in any 
Part gi its Depth, ar the ſame equal Diſtances as 
thoſe at the Bottom), proceed in the following 
Manner. Hold a (chalked) Plumb-I.ine at the 
Top of the Back, directly over the Ordinate AB; 
then, order your Aſſiſtant to hold the Plummer 
at the Extremity A, ſtrike a Line againſt the 
Side of the Back, trom the Bottom to the Top : 
Proceed in the very ſame Manner at the other 
Points C, R, G, I, F, K, &c. ta E. 


A Genzrar Rur, for determining, very neatly, 
with any odd Number of equidiſtant perpendicu- 
lar Ordinates, &c. the Meaſure of any carvi- 
lineal Plane, bounded at each End by an Ordi- 
nate. 


To the Sum of the firſt and laſt, or the two ex- 
treme Ordinates, add four times the Sum of the 
2d, 4th, Gch, and 8th, &c. Ordinates, and alſo 
Double the Sum of all the Reſt; this Total being 
multiplied by one-third of the common Diſtance 
of the Ordinates ; the Product will give the re- 
quired Area, very nearly: Which being divided 
by 282, 231, and by 2150, the Quotients will be 
the Area in Ale and Wine Gallons, and Malt 
Buſhels reſpectively. 


EXAMPLE I. 


Let it be required to find the Area of a Circle, 
whoſe Diameter is 36 Inches, 
In 
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In the Quadrant AOB, draw four equidiſtant 
Lines, perpendicular to the Diameter AD, and 
let their common Diſtance EF (FG, Sc.) be 4 
Inches; then, by the Property of the Circle, we 
get the 1175 of thoſe Perpendiculars; viz, 


£5 B 


Ee equal to 8.24 


87 = 1441 

= 16.12 | 
. | 
OB = 1 F G H D 
Hence the follow- 
ing 


OrztRAaTioN; 


The Sum of the extreme Ordinates is 26.24 
Four times the Sum of the g 

2d and 4th (30. 90 is 1 * 

Twice che Middle Ordinate (16. 12) is 32. 24 


Total 182.32 


1 Which 


| 
| 
| 


- — — — — — — — * 


—— 
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Which being multiplied by 4, and the Product di- 
vided by 3; or, which comes to the ſame, mul- 
tiplied by one-third of che common Diſtance, 
gives the Area of the Space OBeE 243.093 

Add the Segment AEe; which (by Rea- 
ſon of its Smallneſs, with Regard to 8 
the whole Circle) differs but little f 1.9 
from a Semi-parabola . . . . 


Gives the Area of the Quadrant AOB 254.07 
Which being multiplied by . . . 4 


— 


6— 


Gives the Area of the Circle 1016. 292; 
this being divided by 282, gives 3.603 Ale Gal- 
lons z and divided by 231, gives 4.399 Wine Gal- 
lons. 

The Area of the above Circle, found by the 
common Method, will be 34.609 Ale Gallons, and 
4.406 Wine Gallons z; which exceed the former 
bur about 6 thouſandths of an Ale Gallon, and 
7 thouſandths of a Wine Gallon : And by making 
Uſe of a grcater Number of Ordinates, the above 
Dittciences would ſtill have been leſs. 


EXAMPLE 2. 


In a common Parabola, whoſe Abſciſſa AB is 
32, and the Semi-ordinate FB 24; it is required 
to find the Area of the Part ABDC, when BD (or 
the Semi-ordinate Cs) is equal to 12, 


OPERATION, 


Firſt there is given AB=32 ; and, by the Pro- 
perty of the Curve, Pa. 65, we have FH=20, 
and 
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and alſo BD=24 ; whence, by the preceding ge- 
neral Rule, 
The Sum of the two Ex- 

W > © ::2 2:4; 5x6 


Four times the Mid-) A 
dle Perpendicular 120 — 
FH $27 @21.E > | C ' 

— 241 
Total 176 | 

Multiplied by 2d of | 
the common Dir 2 
tance DF (FB) [ 

Gives the Area | 

( Aritiiy true) ef | $5" "ISR 
the Part ABDC 


For, to the Parabolic Area CAs (ſee Pa. 95) 64 
Add the Area of the Rectangle DCsB 288 


Gives the required Area 3 32, 
Las before. 


ExXAMPLE 3. 


To find the Area of the curvilineal Plane 
ERFLE in Ale and Wine Gallons; whoſe Axis 
EF (biſected by RL) is ſuppoſed equal to 112 In- 
ches, and alſo the perpendicular Ordinates, and 
their common Diſtance aſunder, as below. 


Inches. 
[AB =70.0\ | 
CD .o Their common Diſ- 
Ordinates. 4 RL =80.0 \ tance (bd, Sc.) is 24 
6H 78.6; Inches; and therefore 
(IK =69.0) Es (or Fc) is 8 Inches. 
| OPERATION, 
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OPERATION, 


By the preceding general Rule, the Sum of the two 


extreme Ordinares . .; 149 
Four times the Sum of the 2d and 4th 630.4 
Double the Sum of the Reſt (viz. the-3d) 160 


Total 929.4 
Multiplied by 3 of 24 = 8 


Gives the Area of the Part-contained { p 
between the extreme Ordinates j 14352 
Then to this Area, add that of the Segments 

AEB and IFK (which, on Account of the Small- 

neſs of ES or FV with Regard to AB or IK, is 

immaterial whether they are conſidered as Parabo- 
las, or the Segments of Circles), and we -ſhal! then 
have the Area of the whole Figure ERFLE. 
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| AB=70 
Multiply by ES 8 


Product 560 
dh LS 
zds whereof is 373.33, the Area of 2 
| [ment AER. 
Again IK=6 | 
Multiply by FV 


— — 
—— 
n 


Product 552 


— 


ds of which is 368, the Area of the Seg - 
Add 373.33 [ment IFK. 


The Area of both Seg- 
ments taken as Para [741-5 
bolas | 


Add 7435.2 


1 


Whole Content in 
Inches $8176.53 


— — 


282)$176.53(29, the Area in Ale Gallons: 
231)8176.53(35-39; the Area in Wine Gallons. 


Becauſe, in Practice, the Middle Ordinate RL 
(ſee the preceding Figure) always biſects the Axis 
EF, conſequently ES is equal to FV: Therefore 
the Area of the two Segments, AEB and IFK, 
may be more readily obtained by multiplying the 
Sum of the two extreme Ordinates, AB and IK, 
by ES or FV, and taking two-thirds of the Pro- 
duct: Or, which is the ſame Thing, multiplying 
the ſaid Sum of the Ordinates by twice ES (or 
twice FV), and taking one-third of the Product : 
As in the following Operations, 

| EXAMPLE 


— — — — —— —ö — . — —-— 
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Ex AMSEL E 4. 


Required the Acea of the curvilineal Plane AB 
RS in Ale asd Wine Gallors; when AR (bi- 
ſeed by BS) is equal to 102 Iuches, the perpen- 
dicular Ordinates, and their common Diſtance as 
follow. 

CD =54.0 
EF =60.0 Their common 
3 GH =62.2 | Diſtance 15 Inches; 
P 1 BS =63.0 and therefore Ab 
Fu |] IK =62.4 | (or Re) equal to 6 
| LM=60.1 | Inches. 
(NP =54-6), 


OPERATION. 


— — 
i 
MAIL 


FKK ML 


The Sum of the two extreme Ordinates 108.6 
Four times the Sum of the 20, 4th, and 

6th Ordinates . . 132-4 
Twice the Sum of the Reſt (i. e. 3d and zth) rn 2 


Total 1090.2 2 
Multiplied by one-third of 15; viz. . . 5 


Gives the Area of the Part DONP=5451 0 


For 
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For Tae AREA OF THE Two SEGMENTS. 


The Sum of the firſt and laſt Ordinates 108.6 
Multiply by twice A (or twice Re) . . 12 


Product 130 * 


One- third whereof is 434.4 
Add the Area found above 5451 


The whole Content in Inches 5885.4 a 
282)388 5.4620. 87 the Area in Ale Gallons. 
231)5885.4(25.477 Wine Gallons. 


The Area of the foregoing Figure, being com- 
puted by the Method laid down in Shirtcliffe's Gau- 
ging, Pa. 187, will come out 20.862 and 25.468 
Ale and Wine Gallons reſpeCtively. 

But, if the Area of the ſaid Figure be computed 
as an Ellipſis, it will come out 21.84 Wine Gal- 
lons; which is 3.63 Gallons 0 little. Whence 
it is manifeſt, that the Revenue may be greatly 
injured, by gauging all curvilineal Veſſels as El- 
lipſes : But, if a due Regard be paid to the Me- 
thod here laid down, we ſhall be always certain 
of obtaining, very nearly, the true Area of any 
curvilineal Veſlel. jet its Form be what it will. 

Though it is here ſaid, that the Revenue may 
be greatly injured, by gauging all curvilineal Vet- 
ſels as Ellipſes, yet I would not be underſtood to 
mean, that every curvilineal Veſſel, now made 
uſe of by Brewers, Diſtillers, &c. is greater than 
an Ellipfis of the ſame Tranſverſe and Conjugate 
Diameters : For, as a vaſt Variety of Curves may 
be deſcribed thro? the ſame four Points (A, B, C, D, 
ſee, for Inſtance, the following Figure), it may 
ſometimes happen that ſuch a Veſſel may be /e/5 

K k than 
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than an Ellipſis; and, therefore, the general Me. 
thod here given (which always approximates the 
true Meaſure of the Veſſel, let its Form be ever ſo 
irregular) will, in ſuch Caſe, be found ſerviceable 
to the Trader; as well as to the Revenue when 
the Veſſel is greater than an Ellipfis, 

It will be neceſſary to inform the practical 
Reader, that the Semi-ordinate (Ex or Fu) of an 


 Ellipfis (fee the preceding Figure; is always equal 


to the Square Root of the Product of the two 
Parts (An and R) of the Tranſverſe correſpond- 
ing to that Semi-ordinate, muſtiplied by the Quo- 
tient of the Conjugate (BN) divided by the Tranſ- 
verſe Diameter (AR). 
Hence it follows, that when the Semi-ordinates, 
thus obtained, come out greater than what ap- 
ears from their actual Menſuration, the Veſſel 
is then % than an Ellipſis: But, on the contrary, 
when the {aid Semi-ordinates come out, by the 
above Method of Computation, leſs than what is 
found by Menſuration (which will, I believe, moſt 
frequently occur in Practice); then will the Mea- 
{ure of ſuch curvilineal Veſſel be greater than that 
of an Ellipſis deſcribed” through the ſame four 
Points (A,B,R,S, ſee the preceding Figure).— 
As, for Inſtance, in the preceding Example, BS 
is equal to 63, An=21, and #R=81 Inches: 
Whence, by ihe above Rule, 81 being multiplied 
by 21, gives 1701, whoſe Square Root is 41.2 : 
Alſo 63 (the Conjugate) being divided by 102 
(the Tranſverſe), the Quotient will be. 61; then 
if 14.2 be maltiplied by .61, the Product will be 
25.122, the Semi-ordinate En (or Fn); which, 
by Menſuration, was found (lee Pa. 248) to be 
30 Inches.- Whence it appears by this Method, 
that the Meaſure of a curvilineal Veſſel, having 
its Diameters equal (or in Proportion) to thoſe of 


the 
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the 4th Example, will be conſiderat!y greater 


than an Elipis, deſe:ibed thro? the Extremities of 
the ſame Iranſverſe and Conjugate Diameters. 


EXAMPLE 6. 


Let the Tranſverſe and Conjugate Diameters of 
a curvilineal Veſſel be here ſuppoicd the {ame as in 
the alt Example, and let the cquidiſtant perpen- 
dicu':r Ordinates, &c. be as follow; required the 
Area thereof in the Wine Gallons. 


(CD =30.4) Their common- 
EF =40.5 | Diſtar.ce (as be- 
GH=48.2 | tore) 15 Inches 
Perpendicular  3S =63.0 Fand therctors Ab 
IK 248.4 | or Re equal to 6 
LM=40.2 | Inches. (See the 
NP =30.0) toregving Fig.). 


OyrEtRATION. 
The Sum of the two extreme Ordi- 


Bs ><: 60.4 
Four times the Sum of the 2d, 4th, 8 
and 6th Ordinates 574. 
Double the Sum of all the Reſt 
(i. e. the zd, and 5th). , . 193.2 


— — — 


Total 828.4 
Multiplied oy m of the common 


Diſtance ; $28 3 
Gives the Arca of hl Part compre- 55 
hended between the extreme Or- > 4142.0 


dinates : * 5 : 
Add the Segments, oun r the j 
preceding Method 241.6 


Gives the whole Area 4383.6 
K k 2 Inches; 


— — — ——ä6——n 
— — —— 
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Inches; which being divided by 231, the Quoti- 
ent will be 18.97 Wine Gallons, the required Area, 
nearly: But, if this Veſſel be conſidered as an El- 
lipſis, its Area will then appear to be 21.84 W. 


Gallons ; being nearly three Gallons more than the 
true Area, 


EXAMPLE 6, 


Wherein is it propoſed to find the Area of the 
curvilineal Space BC DA (not Elliptical, but of 
an unknown Form), whole Dimenſions were ob- 


tained, by aZual! Menſuration, in the following 
Manner ; viz. 


The Axis AC (or twice Aa) is equal to 151.7 
Inches. 


$ — e to 61, 4 Their com- 

Perpendicular =—_ ; n mon Diſ- 
Ordinates, 1 * Y " | tance is 17 
4 BD — 3 Iaches; and 
See Overley's II = 124.0 8 
Gauging, WTF: Gn) 5 (or 
Pa. 281. LL = 9991 Iaches 1-05 

MM = 57.0) 


QPERATION, 
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Op ERAT ION. 


By the foregoing general Rule, we have the Sum 
of the two ex: eme Ordinates . 118.4 

Four times the Sum of the 2d, 4th, 
6th, and 8th Ordinates (begin- 1795.2 
ning at either End) . . . 

Twice the Sum of all the Reſt (viz. 6 
the 3d, 5th and 7th) . . c 723. 


Total 2637.2 
Which being multiplied by 17, and) 
the Product divided by 3 (or mul- > 14944.13 = 
tiplied by + of 17) becomes 
1 * 0 1. j K 
nches, © „ wh 3 - 
the Space 7 TnL 
contained * 
between the 
extreme Or- 22 
dinates; to 
this, add the 
Area of the 
two Seg- 
ma AE GH 5 ＋ 1 * on 
and MCM 


= 


(conſidered as Parabolas), and we ſhall then obtain 
the Area of the whole curvilineal Space ABCD, 
very nearly: See the Remainder of the Opera- 
tion. 


The 


254 ATaEAT TSE of Sxcœr. XII. 

The Sum of the two 
extteme Ordinates 118.4 

Multiply by Am (or Ci) 7.85 


— 


5920 
9472 
8288 


Product 929.440 


c 


zds whereof is 61 9.626 Sthe Area of both 


Add the Area of [Segments. 
the Space found þ 14944.13 


above 


The Area of the 
whole Figure > 15563.756 ; which being di- 
ABCDA 1 
vided by 231, the Quotient will be 67.37 Wine 
- Gallons, the required Area, very nearly. 


If the Content of the above Figure be computed 
by the Rules, deduced from the Tables of equi- 
diſtant Ordinates, in Shirtcliffe's Gauging, Pa. 
187, it will come out 67.38; which differs from 
the Area found above, only 35th Part of a Wine 
Gallon. 


Note. It may be proper to take Notice, that, 
according to this Method of Computation, it will 
be the moſt commodious to write down the Di- 
menſions, Sc. of a curvilineal Veſſel, in the 
following Manner. 
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Mr. “s 5th Back, gauged Nov. 22, 1764. 


: OnpinaTes 17 Inches equidiltant, 1 
þ ial 3 = 2 3 HR 516 | 7 rea [Gallo 
13 | 34.9 29.3%. [57-5] 58.4 [56-8 |49-7 [24-7 1. 72430. | 
11 | $6.0 51.5 51.6 58.1 390 57.5 5087.0 18. 220200. 42 
11 86.9 9623 88.8 | 59-7 58-3 $53-0 j29-2 18. 66 205.26} 
11 87.9 [f34-5153-I159-3 3 58.9 53.031.519. 102 10. 10 
10 38.8 36. $3-8|60.0| 60.8 [29.6 53-3 33.7 19.510195. 10 
1.3] Drip 0 „ Ps 20 *© » * - . . 20. | 
. b. | ent 1061.50 
573 Dep 4 Wu 5 
b 57.1 Gall. 
| 1,J +++ 20 
Neat Depth 56.0 


Before I quit this Subject, it may not be amiſs 
to give one Example more, in Order to ſhew the 
Method of computing the Area of a curvilineal 
Plane, by a Rule (for 13 equidiſtant Ordinates) 
deduced from the Tables laid down in Shirtcliffe's 
Gauging, Pa. 187; and then to give the Opera- 
tion by the general Rule, Pa. 242 ; whereby, I 
apprehend, its Utility will manifeſtly appear to 
every impartial Reader, 


R611. 


The Sum of the iſt, 13th, and twice the (7th) 
Middle Ordinate multiplied by 41; the Sum of 
the 2d, 6th, 8th and 12th Ordinates multiplied * 
by 2165 the Sum of the 3d, 5th, gth, and 1:th 
Ordinates multiplied by 27; and the Sum of the 
4th and 10th multiplied by 272: Then the Sum 
of theſe four Products being multiplied by the 
Diftance of the two extreme Ordinates, and that 
Product divided by 1680, the Quotient will be 
the Area (in Inches) of any curvilineal Space 
contained between the extreme Perpendiculars. 


EXAMPLE 


| 
| 
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EXAMPLE 7. 


To find the Area of the curvilineal Plane 
MP?RQ n Wine Gallons; when MR (or twice 
MO) is equal to 148 Inches, the perpendicular 
Ocdinates, and their common Diſtance as below. 


ſ 


| 
| 


' 


| 


Perpendicular 


Ordinates \ 


15 


# 
* 


aa 


bb 
cc 


dd 


ee 


7 
2g 


11 


"PQ = 123.0. 


=" 7 
6 
= 112.0 
= 119.2 | Their common 
= 121.3 | Diſtance is 12 In- 
= 122.4. | ches; and there- 
= Ms (or Rv) 
= 122.6 | is 2 Inches. 
ii. 
8 


— 


OPERATION. 
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OPERATION, by the preceding Rule. 


the Middle Ordinate 02.4 
246.0 


Sum 410.8 

Multiplied by 41 

4108 
16432 


— — 


Bale 82.4 


- 


1k Product 16842.8 


6ꝙ— 


* 


96.5 

The 2d, 6th, 8th, and] 122.4 
12th Ordinates 122.6 
90.3 


Sum 437.8 
Multiplied by 216 


26268 
4378 
8756 


_—_— 


2d Product 9464.8 


— ——— 


— C_—_— 


4 | The 
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112.0 

The 39d, 5th, gth and [ 121.3 
IIth Ordinates 121.2 
112.0 


Sum 406.5 
27 


1 — 


— 


32055 
9330 


_— 


3d Product 3 5 


| The 4th and 1oth Lis 2 
Ordinates 118 9 


Sum 2 38. I 
| Match by 272 


4762 
16667 


4762 


— 


4th Product 64703. 2 
3d Product 12395. 5 
2d Product 94564. 8 
1ſt Product & 16842. 8 


| The Sum of the four Products 1 188766. * 
Multiplied by the Diſtance of 
the extreme Ordinates 


Gives 2718234 7.2 
1680) 
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1680) 27182347. 20016479. 96 
1680 219.73 = theAreaof the 2 
geg. taken as Parab. 
10382 16399.69= the whole Con- 
10080 * [rent in Inches. 


231)16399.69(70.99 Wine Gallons; the requi- 
red Area, nearly. 


OPERATION, by the general Rule, Pa. 242, 
The Sum of the extreme Ordinates is 164.8 


6.5 
The 2d, 4th, 6th, [ * 
$th, 10th, and j 122.4 
12th Ordinates } 122.6 

1 118.9 


96.3 


Sum 675.9 multiplied by 4, gives 


[2703.6. 
L 1 2 The 
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112.0 
The zd, 5th, 7th, | 121.3 
gth, and 11ithy 123.0 
Ordinates 121.2 
112.0 

Sum 589.5 
Which multiplied by 2, gives 1179.0; to which 


164.8 and 2703.6 (found 
above) being added, 4047.4 
— . - - {e: » 
Multiplied by 3d of 12... . 4 
Gives 16189.6 
The Area of the Segments 219.73 


231)16409.33(71.03 W. 

Gallons. 

The Areas obtained, by theſe two Methods, 

diff-r but about ih Part of a Wine Gallon 

and both the Operations were given at Length, in 

Order to ſhew the vaſt Advantage which the lat- 
ter has over the former. 


- Tt is manifeſt (br the Writers on Fluxions) that the Radius of Curva- 
ture of > ”:-4bog 15 infinite, at an infinite Diſtance from its Vertex; there- 
fore g ence between a Right-line and a Parabolie Cure (of any Kind), 
at an infinite Dif! de- tr-m the Vertex, is leſs than any aſſignable Quantity ; 
and conſequintly, as the I hods here propoſed (or thoſe Rules derived from 
the general Principles) are iy true, in every Part of a Parabolic Curve, it 
evidently follow, t +1 infinite Diftauce from the Vertex, the Meaſure 
of a Space, obts:n*d by any of thee Rules, will differ from that, when con- 
fidered 45 17'5t- lined Space, by + Quantity leſs than any given, or aſſignable, 
Quantity wh. vor : But (by 7 emma 1ſt, Pa. gg, of De L' Hoſpital's Conic 
Sections if 14+ Di rence of two Quantities does continually diminiſb, ſo that at 
aft it C bois (52% any given Quant ty; then will thoſe Yuantitiez at laſt be 
h. — tl-nce it is evident, that by theſe Methods we can ab un the true 
(an + the approvimete) Mature o any reCtilineal Plane whatever : For 
any | ned Plane may te aivided into Quad, ilaterals (whereof two Sides 
mult be parallel) 2ad lr ges; then may the ½e Meaſures of thoſe 
Figures be ſeparately found, by any aſſigned Number of equidiitant Pergen- 
diculars whatever, — Or, the uu, Area may be obtained, by dividing the 
Figure into Triangle:. 

| Suppoſe, 
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Suppoſe, for Exampie, it was required to find the Meaſure of the right- 
lined Space ARED, when AB (Fig. XVII. is parallel to DE)== 20, DE 
= 12, and the Perpendicular DF == zo Inches. 


Firſt, by three eguidiſtart Perpendiculars, 


The Sum of the Extremes 38 
Four times the Middle Perpendicular (16) , . 64 


Total 9g6 
Multiplied by 1d of 15. 5 


Givea the required Meaſure 480 =CC 
) xDF=16Xx 30; which is well Known from other Principles. 


AB+DE 
2 


{ 


By five eguidiſtant Perpendiculars, 


If DP (Fig. XVII.) be drawn parallel to EB, and GG, CC and IT be 
drawn parallel to AB, equidiſtaut from one another, and the other Dimen- 
fions the ſame as above; then it is evident that Id==2, Cc, and Gb==6 ; 
whence DE == 12, II ig, CC=216, GG==18, and AB=20 : Then by the 


general Rule, Pa. 24%. 


The Sum of the two extreme Perpendiculars 32 

Four times the Sum of the ad and 4th Perpendiculars 128 
Twice the Sum of the Reſt (wiz, the 30) 32 

Total 192 

Multiplied by 4d of the common Diſtanee (7.5) , . 2.5 


9650 
384 


Gives the Content as before 380. o. 


Suppoſe, in the Triangle ADP (Fig. XVII.) AP==3, DFS zo; which 
being divided into eigh! equzl Parts, and Lines drawn parallel to rhe Baſe, we 
ſhall bave aa=1, Id:, m ;, Cizzy, rr=5, Gg, ee7, and AP 


=$ : Whence, by Cr, 2, Pa. 237, we get i+3+;+; x4+8+ 
2+4-+6 X 2X 3:7 = 120 (= zo x4) = the Arez of the Triangle 


5 — 
ADP, 


— — — - 


— 
—— 
- — — << ww — —_ = — . —„-— 


| 
| 
| 
| 


— — 
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ABLE of the Areas of Circles in ALe Gar- 
LONS. to all Diameters in Inches aid Inches and 
Teuths, jrom 1-40 21 Inches. 


Dix RES IE oc 
0 O 1 22 | +3 4 
Luc. 
1 | 0.c027] - .0033] o. oo 0.0047] 0.0054 
| 2 | 0,01:4] 0.0122] o. 0134 0.0147] 0.0160 
| 3 | 0.025 O. 0285 0.0303] 0.0321 
| 4 Þ 0.04145 0.0491| 0.0514] 0.0529 
5 | 0.069 0.075%] 0.0782] 0.0812 
© | 0.1002 0.1070] O. 1105] O.1140 
7 | 9.1364] ©. q. 1443 0.1484] 0.1525 
8 | 0.1782} © 0.1872] 0.1918} 0.1905 
\ 9 | 0.2255] 0.2357} 0.2408] 0.2460 
10 | 0.2785 0.2897] o. 2964 0.3012 
11 | 0.2269 0.3493] 0.3556| 0.3619 
12 | 0.401 0.4145] 0.42123] 0.4282 
13 | 0.4706 0.4852] 0.4926} 0.500 
14 | 0.5458 0.5015] 0.5695] 0.5775 
15 | 0.626 | 0.64.34] 0.6519] 0.6605 
16 | 0.7129 0.7309| 0.7399] 0:7490 
17 | 0.8048 0.8239] 0.82324] 0.8432 
18 | 0.9023 0.9225] 0.9327] 0.9429 
| 19 | 1.0054 1.0266] 1.0374] 1.0482 
' 20 | 1.1140 I.1304| 1.1477] 1.1590 
| 21 | 1.2282 1.2517] 1.2635 1.2754 
22 | 1.3479 1.37260 1.3850 1.3974 
23 | 1.4733] 1. 1.4990 1.81200 1.5250 
241.6042] 1.6176] 1.6310] 1.6445] 1.6581 
25 [1.7406 1.7546| 1.7686 1.7827] 1.7968 
26 | 1.8827] 1.8972] 1.9118] 1.9264] 1.9411 
27 | 2.0303] 2.0454 2.0605] 2.0757] 2.0909 
28 | 2.1835| 2.199:] 2.2148] 2.2305| 2.2463 
29 | 2.3422] 2.3384] 2.37460 2.3909| 2.4073 


SECT. XII. 


A TABLE of the Areas of Circles in Alx GaL- 
Lows, to all Diameters in Inches and Inches and 


' Tenths, from 1 to 216 Inches. 


GAUGING. 
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Dia. ; 


— — 


3 5 
in] +5 e 9 
10.0062 8 0.0080] 0.0090| 0.0100 
' 2 | 0.0174| 0.0188] 0.0203] 0.0218] 0.02 34 
| 3 0.0341] 0.0360] 0.0381] 0.0402] 0.0423 
4 | 0.0563] 0.0589] 0.0613} 0.0643] O 0668] 
5 ;| 0.0842] 0.0873] 0.0904 0.0936] 0.0969 
6 0.11760 0.1213] 0.125 0. 1287 0.2325 
7 | 0.1566| 0.1608] 0.1651] 0.1694 0.1738 
8 | 0.2012] 0.2059] 0.2.08] 0.2156| 0/2206 
9 0.2514] 0.2564] 0.262q] o. 2674 0.272 
0 | 0.3079] 0.3129] 0.3188] 0.3248 928 
11 | 0.3683] o. 374] 0.3812] 0.3877] 0.3943 
120 4351] 0.4421] 0.4492] 0.4563] 0.464 
| 13 | 0.5075| 0-5151] 0.5227] 0.5303| 0.381 
14 9-5355] 0.5936] 0.6018] 0.6100] 0.0183 
15 | 0.6691] 0.6777] 0.6864] 0.6952] 0.7041 
16 | 0.7582] 0.7674] 07707] 0.7860) 0,7954 
17 | 0.8529] 0.8027] 0.87245] 0.3824| 0.3923 
| 18 | 0.9532] 0 9635 09739] 0-9843| 0.9948 
19 | 1.0590] 1.0699] 1.9898] 9180 1,1029 
20 | 1.1704] 1.1818] 1.1933] 1.2049 1.27163 
21 1.2874 1.2994] 1.3114] 13235] .1.3357 
| 22 | 1.4099] 1.4225] 1.43510 1.4478] 1.4005 
231.8380 7.5511] 1.5043] 1-5775| 1.5908 
241.6717 1.6854] 1.699 1 1.7129] 1.7267 
25 | 1.8110] 1.8252] 1.8395] 1.83380 1.8682 
26 [1.93380 1.9706] 1.9854] 2.00 2,0153 
27 | 2.1062] 2.1215] 2.1369 '2.1524| 2.1679 
28 | 2.2621] 2.2781] 2:2940] 2.3 100 2.3261 
29 | 2.4237| 2.4491]-2:4507-2:4732}-2-4399 
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Szer. XII. 


6 


\ 
' 


| 


Dia. 
in 
Inc. 


= 


by * 


2.8055 


2.8519 
3-032; 
3-219; 
3.4117 
3.6094 
2.8128 
4.0216 
4.2301 
4.4501 
4.6817 
4.9129 
5.1496 
5-3919 
5.6398 
5.8932 
6.1522 
6.4168 
6.6870 
6.9627 
7.2440 
75309 
7.8233 
8.1213 
8.4249 
8.7340 
9.0487 
9.3690 
9.6949 


2.0764 


2.3233 
2.6937 
2.8697 
3-0513 
3-2385 
3-4312 
3.6295 
3.8334 
4.0428 
4-257 
4.4784 
4.7046 
4.9364 
5.1736 
5.4164 
5.6649 
5.9189 
6.1784 
6.4436 
6.7143 
6.9906 
7.2724 
7-5599 
7.8526 
8.1514 
8.4555 
8.7652 
9.0805 
9.4014 
9.7278 


2.540. 
2.711) 
2.8877 


3.2575 
3.4508 
3 6497 
3-8541 
4.0641 


3.0698] 3 


4.2796 
4.5008 
4.7275 
4.9598 
5.1976 
5.44.10 
5.6900 
5-9446 


6.4704 


7.0185 
7.3009 
7-5889] 
7.8825 
8.1816 


8.7965 


9.4338 
9.7007 


6.2047] ©. 


6.7417] 6 


8.48633 


9.11249 


| 


5 


9.7937! 


2.5738 
2.7459 
2.9236 
3.1069 
3-997 


3.6901 
3.8956 


4.5457 
47735 
5.0069 


5.4904 
5.9962 


6.5242 
6.7966 
7-0745 
7-3581 
7-0472 
7.9418 
8.2421 
8.5479 
8.8592 
9.1762 
9.4987 
9.8268 


3.49010 


— 


4.1067 
143234 


— 


5.24599 
5.7405 
6.2574 


— 


9 


* rn 


10.0263110,0598110.0933 
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Ze 


.6 


2.5908 
2.7035 
2.9417 
3.1255 
3-3149 
3.5099 
3.7104 
3.9165 
4.1282 
43454 
4.5082 
4.7966 
5.0305 
5.2701 
55151 
5.7058 
6.0220 
6.2838 
6.5512 
6.8241 
7.1027 
7.3867 
7.6764 
7.9716 
8.2724 
8.5788, 
8. 890 
9.2082 
9-5313 
9.8599 


2.6078 
2.7810 
2.9590 
3-1442 
33342 
3.5297 
3.7308 
39374 
4.1496 
4.3074 
4.5908 
48197 
5-054 
5-2943 
5- 5400 
37912 
6.0480 
6.3103 
6.5752 
6.8517 
7.1308 
74154 
7˙7057 
8.0014 
8.3028 
8.6097 
8.9222 
9.2402 
9.5039 
9.8931 


10.1941 


10.2278 


| 


7 


2.0249 
2.7987 
2.9780 
3.1050 
3-3535 
3.5495 
2.7612 
3-9594 
4.1712 
4.3595 
4.0134 
4 8429 
5.0780 
5.3186 
5.5648 
5.8100 
6.0739 
6.3209 
6.6053 
6.8794 
7-1590 
74442 
7.7350 
8 0313 
8.3332 
8.6407 
8.9557 
9.2724 
9.5965 
949007 


10.2016 


| 


| 


8 


2.0420 
2.9104 
£49994 
3.1818 
3.3728 
3.5094 
3.7716 
39794 
4.1928 
44117 
4.030; 
4.0602 
5.1018 
3*3430 
5.5898 
5.9421 
6:1000 
6.3635 
6.0325 


6.9071] 6 


7.1873 
24739 
7-7 044 
8.0613 
8.3637 
8.6717 
8.98 54 
9.3015 
9.0293 
9.9590 


19.2955 


99929 
10.3294] 


\ 


M m 


T hs 
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The Areas of Circles in ALs GALLONS. 


1 


12.1318 


9 88593 


O 


10.3633 
[0.7059 
11.0540 
11.4077 
11.7670 


12.5023 
12.8783 
3.2398 
13.6469 
4.0396 
14.4379 
14.8417 
15.2512 
i 5, 0661 
6.0867 
46.5128 
16.9445 
17.38 18 
17.8246 
18.2730 
28.7270 
19.1865 
19.6516 
20,1223 
20.5905 
21.0804 
21.3678 
22.0607 


| 


1 


9.3973 
10.7404 
11.0891 


11.4434 
11.8032 


12.1686 


12.3390 
12.9162 


13.2983 


14.0792 
4.4780 
14.8824 
5.2924 
13.7079 
16.1290 
16.5557 
6.95880 
17.4258 
17.8692 
18.3181 
18.7727 
19.2328 
19.6984 
20. 1097 
20.0465 
21.1289 
21.6168 
22.110; 
22.6094 


23.0034 


23.1141 


3.6560 


+2 


3 


10.4304 
10.7751 
11.1243 
11.4791 
1.8395 
12.2055 
12.5770 
12.9541 
[13.3368 
13.7250 
14.1188 
14.5182 
14.9232 
15+3337 
1 547495 
10.1715 
16.5987 
17.0315 
17-4099 
17.9138 
18.3633 
18.8184 
19.2791 
19.7453 
20.2171 
20.6945 
21.1774 
21.6659 
12.1600 
22.0596 


23.1049 


10.4055 
10.8097 
I1.1595 
11.5+49 
11.8759 


12.2444 
12.6145 


12.9921 
13-3754 
13.7642 
14.1385 
14.5585 
14.964 

153751 
15.7917 
16.2439 
16.6417 
I7.0751 
I7.5140 
17.9555 
18.4086 
18.8642 
19.3255 
19-7922 
20.2646 
20.7425 
21.2260 
21.7151 
22.2097 


22.7099 


tm 


4 | 
| 


10.4997] 
10.8445 
11.1948 


11.5508 
11.9123 
12.2793 
12.6520 
13.0302 
13.4140 
[3.6034 
14-1983) 
14.5988 
15. 0048 
15.4165) 
15-8337 
16.2565 
16.0845] 
17.1187 
I7.5582 
18.0033 
18.4539 
18.9101 
19.3719 
19.8392 
20.3121 
20.7900 


21.2747 
21.7643 
22.2595 
22.7604 


2 3.2660 


23.2157 


7 he 
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5 


| 


10.2339 
10.8792 
11.2302 
11.3867 
11.9487 
12.3164 
12.6896 
13.0683 
13.4527 
13.8426 
14.2381 
14.6391 
15.0458 
15˙4580 
15.8757 
16.2991 
16.7280 
17.1624 
[7.6025 
18.0481 
18.4993 
18.9560 
19.4184 
19.8863 
20.3597 
20.8388 
21.3234 
21.8135 
22.3093 
22.8100 


23 3175 


| 


10.5682 
10.9141 
11.2656 
11.6226 
11.98 52 
12.3534 
12.7272 
13.1065 
13.4914 
13.8819 
14-2779 
14-0795 
1 5.0867 
I 5:4995 
15-9178 
16.3417 
16.7712 
17.2062 
17.6468 
8.0930 
18.5447 
19-0020 
19-4049 
19-9334 
20-4074. 
20-8870 
21.3721 
21.8629 


22.3592 
22.861l 


7 


——— — 


10. 0025 
10.9490 
11. 3010 
11.6386 
12.0218 
12.3906 
12.7649 
13.1448 
13.3302 
13.9212 
14.3178 
14.7 200 
15.1277 
15.5411 
15.9399 
16.3844 
16.8144 
17.2300 
17.6912 
18.1379 
[8.5902 
I9 0481 
19.5115 
19.9805 
20.4551 


20.9352 
21.4210 


21.9123 
22.4091 
22.9115 


| 


| 


23.4195 


12.4277 
12.8026 
13.1831 
13.3691 
13.9607 
14-3579 
[ 4.7605 
13.1088 
15.3827 
16.002 

16.4271 
16.8377 
17.2939 
7.7350 

8 
18.6357 

19.0941 
19.5581 
20.0277 
20.9836 
21.9617 
22.4591 


| 


8 9 


10.6714 
11.0189 
11.3721 
[1.7208| 
[2.0951 
12.4050 
12.8404 
13.2214 
1 3.6080 
14.0001 
14.3978 
14 8011 
15. 2100 
15.6244 
16.0444 
16.4699 
16.901 
17.3378 
17.7801 
18.2279 
18.6813 
19.1403 
19.6049 
20.07 50} 
20.5507 
21.0319 
213188 
22.0112 
22.5092] 
23-0127] 
23.3278 


10.6369 
10.98 59 
11.3365 


11.6947 
12.0584 


20.3029 


21.4698 


22.9021 
23.4707 


23.3685 


og 


m 2 
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5 


0 


23.5730 
24.0883 
24.6091 
£ 3-355 
25.0674 
26.2050 


26.7481 
27.2967 
27.8510 
28.4108 
28.9761 
29.5471 
30.1236 
30.7057 
31.2933 
31.8866 
32.4854 
33-0897 
33.6997 
34.312 
34.9362 
5.5629 
36.1951 
36.8329 
37.4763 
38.1252 
38.7797 
39.4395 
40.1034 


1 


24.1401 


23.0243 


24.6015 
25.1884 
25.7200 
26.2590 
26.8027 
21-3519 
27.9067 
25.4070 
29.0330 
29.6045 
30.1815 
30.7642 
31.3524 
31.9402 
32.5455 
331305 
33.7610 
34.3770 
34.9987 
35˙6259 
30.2580 
30.8970 
37-5409 
38.1904 
38.8454 
39.5061 
40.1723 


+2 


3 


23.6750 
24.1920 


25.2414 
25-7745 
26.313 
26.8573 
27.4071 
27.9625 
28.5234 
29.0899 
29.6619 
30.2396 
30.8220 
31.4115 
32.0059 


33.2113 
33.8223 
34.4359 
35.0011 
35.6885 
36.3222 
36.9611 
37.6056 
38.2550 
38.9113 
39-5724 
40.2392 


24-7139 


32.6058] 


39.9771 


23.7270 
24-2439 
24.7604 
252945 
25.8281 
26.3973 
20.9121 
27.4024 
28.0183 
28.5798 
29.1468 
29.7194 
30.2976 
30.8814 
31.4707 
32.0656 
32.6661 
33.2721 
33-5837 
34-5909 
35.1237 
35.7520 
30.3559 
37-0253 
37-6703 
38.3209 


39.0389 


4 


23.7785 
24.2959 
24.8190] 
25.3470] 
25.8818 
26.4213 
26.9668 
21-5177 
28.0742 
28.6362 
29.2038 
29.7779 
30.3558 
30.9401 
31.5300 
32.1254 
32.7264 
33-3330 
33.9452 
34-5029 
35.1862] 
35-8151 
30.4496 
37.0896 
37-7 39% 
38.3863 
39.0430 
39.7053 


40. 3062 


40.3732 


Toe 
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1 


5 


23. 8 300 
24.3480 
24.8716 
2 5.4008 


6 125.9355 


20.4758 
27.0217 
27-5731 
28.1302 
28.6927 
29.2609 
29.8340 
39.4139 
30.9988 
31.5893 
32.1853 
32.7868 
33-3940 
34.0067 
34.6250 
35-2489 
35-8783 
30.5133 
37-1539 
37.800 


6 


23-8815 
2 4.4001 
24.9243 
25-4540 
25-9893 
26.5301 
27.0766 
27.6286 
28.1862 
28.7493 
29.3180 
29.5923 
30-4722 
31-0570 
31.6486 
32.2452 
32.8473 
33-4550 
34.0683 
34.6871 
35.3116 


35-9410 


36.5771 
37.2182 


37.8649 
38.451783 8.5172 
39-1090[39.1751 
39-7719139-8355 
40.440340. 5074 


40-5747 


7 
23-9331 
24.4323 


24.9770 


25.5073 
26.0431 


26.5845 
27.1315 


27.0841 
28.2422 
25.8059 
29-3758 
29.9501 
30.5305 
31.1165 
31.7080 
32.3051 

2.9078 
33-5161 


34-1299 


34+7493 
35-3743 
36.0049 


36.6410 


27.2827 
37-9299 
38.5827 
39.2411 
39-9951 


8 


23.9848 


24.504524. 


25.0298 
25.5606 
26.0970 
26.6390 
27,1805 
27.7397 
28.2983 
28.8626 
29-4324 
30.0078 
30.5888 
31.1754 
31.7675 
32.3632 
32.9684 
33.5772 
34.1916 
34.8116 
35-4371 
36.068213 
36.7049 
37-347) 


37-9950 
38.0483 
39-3073 
39-9718 


40.6419 


— r LL O———_z 
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2” 


40.7766 
41.453. 
42.1357 
42.8230 
43-5171 


44.2162 
44.9205 


45.6310 
46.3468 
47.008 i 
47-1951 
48.5275 
49.2656 
50.0092 
50.758 

51.5132 
52 2735 
53-0394 
53.8109 
54.5879 
55-3705 
56.1587 
56.9525 
57-7519 
58.5507 


5 [59-3671 


60.1832 
601.0048 
61.8320 
62.6647 


63.5030 


1 


| 
2 


3 


40. 8440 
41.5214 
12. 2043 
12.8927 
13.5868 


44.286444.3 36744. 4270 


44.9916 
45-7024 
46.4187 
47.1406 
47.8680 
48.6011 


49-3397 


40.9115 
41.5894 
42.2729 
42.9619 
43-6565 


45.0624 
45-7737 
46.4906 
47.2131 
47.9411 
48.6747 
49-4139 


50.05 39150- 1586 


50.8336 
51.5889 
52.3498 
53-1163 
53.8883 


50.9089 
51.6648 
52.42 62 
521932 
53-9656 


54.0659 


54-7440 


59:4491135-5277 
50.2378150.3170 


37.032107. 1179 
57-8320]57-9123 
38.6375158-7183 
59-448 5159-5299 
60.26; 160. 2471 
61.,0872[01.1098 
61.913006 1.9981 
52.748 3062. 8319 


53.5872[04.071 3 


40.9790 
41.0575 
42.3415 
[43-031 l 
43-7263 


45-1333 
5.8452 


47.2856 
48.0142 
48.7484 
49.4881 
50.2334 
50.9842 
51.7407 
52.5027 
53*+2703 
54 0434 
54.8221 
55.6064. 
36 3962 
57.1917 
57.9927 
58.7992 
59.0114 
60.4291 
01.2523 
52.0812 
62.9150 


4 
146.5626146 


4 


41.0466 
41.7256 
42.4102 
43.1004 
13.7951 
44-4974 
45.2042 
45.9107 
46.6347 
47-3582 
48.C874 
48.8221 
49-5024 
50.3082 
51.0596 
51.8166 
52.5792 
53-3473 
54.1210] 
54-9003 
55.0851 
56.4755 
57.2715 
58.0731 
58.8802 
59-0929 
00.5111 
51.3350 
62.1644 
52.9994 


03.7556 


63.8399 
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Dia. 


in 
[nc. 


121 
122 
123 
124 

125 
[126 
127 
128 
1129 
1130 
1131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
1143 


1144 


145 
1146 
[147 
148 
149 
150 
11 


144-5678 


48.8959 


3 


41.1143 
41.7939 
42.4790 


43-1097 
43.8660 


45-2752 
45.9882 
46.7068 
47-4309 
48.1606 


49-6367 
50.3831 
51. 1 35 1 
51.8926 
52.0557 
53-4244 
54.1987 
54.9785 
55.7639 
50.5549 
57-3514 
58.1535 
38.9612 
59.7745 
60.5933 


| 


61.4177]6 


.6 


41.1520 
41.8621 
42.5478 
43-2391 
43-9359 
44-0383 
45-3403 
46.0595 
46.7789 
47-5036 
48.2339 
48.9697 
49.7111 
50.4581 
51.2106 
51.9687 
52.7324 
53-5016 
54-2704 
55.0568 
55.8428 
56.6343 
51-4314 
58.2341 
59-0423 


7 


41.9304 
42.6167 
43.3085 
44.0059 
44.7059 
45-4174 
40.1315 
46.8512 
+7-5704 
48.3072 
49.0436 
49.7855 
50.5331 
51.2861 
52.0448 
52.8090 
53-5785 
54-3542 
55.1357 
553-9217 
56-7137 
57-5114 
58.3146 
59-1234 


59.8501 
60.6755 


62.2470 
63.0832 
03-9243 


63.1670 
64.008 7 


1.5004/61.5832 
1 5 
6 


39.9378 
60.7577 


41.249841. 3176 


41.9988 
42.6856 
43.3780 
+4-0759 
44-7795 
45.4885 
46.2032 
46.9234 
47.0492 
48.3806 
19.1175 
49.8600 
50.6081 
51.3618 
52.1210 
52.8858 
53.0561 
94-4321 
55.2136 
56.0006 
56.7933 
57-5915 
58.3953 
59.2040 


9 
41.3854 
42.0672 
42-7540] 
434475 
44.1460 
44.8501 
45.5598 
460.275 

46.9958 
47-7221 
45.454 

49-1915 
49-9340 
50.0832 
51-4374 
52.1972 
52.9626 
53-7335 
54-510 

55˙292 

56.079 

56.872 

57-671 

58.4759 
59.2858 


60.0195 
60.8400 
61.6661 


2.4143 
3-2509 
4-0931 


02.4977 
63.3349 


60 101 


60.92 24 


61.7490 
62.5812 


63.4189 


94.1777 


64.2623 


6 
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SECT. XIL 


.O 


1 


24.3499 
65.196 

66.0514 
66.9120 


67.7781 
08.0499 
69.5272 
70.4101 
71-2985 
72.1925 
73.0921 
7399/73 
74. 9080 
75-0243 
76.7462 
77-6736 
78.6066 
19-5452 
80.4893 
81.4391 
82.3943 
83-3552 
84.321608 
85.2930 
86.2712 
87.2543 
88.2431 
99.2373 
90.2372 


91.2426 


92 253 


466 


64.4316 
65.2816 
466.1372 
66.9983 
67.8651 
08.7374 
69.6152 
70.4987 
71-3877 
72.2822 
73.1824 
74.0881 
74.9994 
75.9102 


71.4769 
72.3720 
13-2727 
74.1790 
75.0908 
76.0082 


76.8387 
77.7667 


76.9312 
77.8598 


78.700278. 7939 


79.639479.7336 
80. 584 1080. 6788 


81.534308 1.6297 
82.490282. 5861 


<0 4516} 
4.4186 


"4 3911 


$6.3693186.4.674 
$7.3530[87.4516 
88.3422188.4415 
89.3371189.4 309 
90.337 5199-4370 


91.3435[91-4444 
6,92.3550192.4505 


82. 5450 
84. £156 
85.4887 


3 


304.6012 


05.4523 


66. 309066 


07.1712 
68.0391 
68.9125 
69.7915 

Ky eds 
71.5661 
72.4618 
73-3631 
74.2699 
75.1822 
76. 1003 
77.0238 
11-9529 
78.8876 
79-8279 
60.7737 
81.7251 
82.6820 
83.64.46 
84.6127 
«4 5863 
86.5636 
87.5504 
88.5408 
39.5367 
90. 5382 


64.6860 


4 


05.5377 
395 

67.2578 
08.1262 
69.0001 
69.8797 
70.7648 
71.0554 
72.5517 
1344535} 
74.3609 
75˙2739 
70.1924 
77-1165] 
78.0401 
78.9814 
79.9222 
80. 868 

81.8205 
82.7780 
83.741 I| 
84.7098 
85. 6840 
86.6638 
57.6492 
88.6401 
89.6366 
90.6387 


91. 5453191.6463 
92.558092.6596| 
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69.9679 70.056270. 14460. 23300. 3213 


4182 92.2612 92.862992. 964 


76.284576. 376776. 4690%6. 56 136.653 


* | 8 9 
64.9409 55.026055. 112 
65.794365. 8799.65. 9636 
66.653 2066.7 39466.82 57 
57.34447-43 107.5 17767. 60457. 69 13 
68.2133 68.300 68.3878 68.475 1068.62 5 
69.08 7869. 1736069. 263469. 35 139.4392 


70. 853670. 94257 1. 0g 14% 1. 1204 1. 2094 
71.744807 1.834370 1.923772.0133 72. 1029 
72.641672. 7316%2.82 172.9118 73.0019 
73.5440% 3.345% 3.725 1½%3.8 15573. 906g 
74.451974.5430%74.634274.7254½%4 8167 
75˙365575.457 75.548805. 640675. 7324 


2 


77. 2092. 302077. 3948½/7. 487777. 5806 
78.139478. 23278. 3261½%8.419678.5 131 
79-0752179-1691179.2630[79.3570179-4511 
80. 0166080. 111080. 209580. 300 1080. 3947 
80.963508 1.038508 1. 153608 1.24878 2 


81.916008 2.011682. 1072082. 202808 2.298 
82.874108 2.970208 3.066408 3. 162 608 3.258 
83.83 7783.934484. 03 11084. 1279084. 2247 
84. 8069 84. 9042085. 00 1508 f. o98 808 5.1962 
88.78 1785.879085. 97748 6.072086. 1732 
86.762 1086.860408 6.958 808 7.067306 7. 1538 
87.748008 7.846987. 94598 8.044908 8. 1439 
. 839008 8.938 089.0380089. 1377 
89.7366089.8 366089.936690. 0368090. 1370 
91.041100 1.1418 
92.05 10092. 1523 


91.747491. 848509 1.9497 


93.066493. 1683 


Nn Te 
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Dia. 
10 
Inc. 


| 


0 


1 
; | 


1 


— 


3 


4 


15. 
18 

185 
186 
187 
188 
189 
190 
191 
192 
193 
194 
195 
19 

197 
198 


200 
201 
202 
203 
204 
205 
206 
207 
208 


ws O09 
10 


1 


212 


93.2702 
94-2923 


5] 95.3200 


| 


90.3533 
97-3921 
98.4365 
99-4865 
100.421 
101.0032 
102.6699 
103.7421 
104. 8 200 
105.9034 
106.9924 
108. 0869 
109. 1870 


19901 10.2927 


111.4040 
[12,5208 
113.0432 
114.7711 
115.9047 
117.0438 
118.1885 
119.3387 
120.4945 
121.6339 
122.8229 
(23-9954 
125.1735 


213 


| 
1214 
1 


| 
| 
| 


216 


126.3572 
127.5404 
128.7412 
129.9416 


| 93+3721 
94.3948 
93˙4231 
96.4509 
97-4963 
98.5413 
99-5918 
100.0479 
101.7096 
102.7769 
103.8497 
104.9281 
106.0120 
107.1016 
108.1967 
109.2973 
110.4036 
111.5134 
112.0328 
113.7557 
114.8842 
116.0183 
117.1580 
118.3032 
119.4540 
[20,0104 


95-4741 


94-4974 


95.5262 


95.5600 


97.6005 
97 :461 
99.972 
100.7528 
191.8161 
102.8839 
103.9573 
107.0302 
106. 1207 
10%. 2108 
108.5965 
109-4077 
110.5145 
111.6269 


112.7448 
113.8683 


14.9974 
116.1320 
117.2723 
118.4181 
119.5694 
120.7263 
121.8888 


121.7723 
122.9399 


127.6656 
128.8010 


123.0569 


124. 11291 24.2306 
125.2916]125.4098 
126.4758]126.5946 


127.7849 
128.9808 


93-5702 
94.6000 
95-6294 
96.6643 
97-7049 
98.7509 
99.8026 
100.8598 


93-6783 
94-7927 
95-7326} 
96.7681 
974.8092 
98.8558 
99-9081 
100-9058 


— 


101.9226 
102.9910 


106.229. 
10%. 3201 
108.4163 
109.518) 
110.6255 
111.7384 
112.8569 
113.9510 
115.1106 
116.2458 
117.3866 
118.5329 
119.6849 
120. 8423 


104.0649104 172 
105.1444/105-2527] 


122.0054 
123.1740 


127.9042 
129. 1007 


124.3482 124.466 
125.5280125. 6463 
126.71331126.8322 


102.0292 
103-098 10 


106.3383 
107-4295 

108.5263} 
109.628 

110-7365 
111-850 

112.9691 
114.0937 
115.2239 
116.3396 
19570 
118.6479] 
119.8004 
120.9584 
122.1220 
123.2912 


9 


—— 


128.02 36 
129 2207 


* 9 


— 


—_— — 


— 
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1D1a. 
in 
[nc. 


5 


8 


6 7 | 


(153 
184 
185 
186 
187 
188 
189 
190 
1191 
1192 
193 
194 
195 
1196 
197 
198 


199 
200 


102.1358 
103. 2053 


106.4472 


| 


2121125.764 
213 
214 
215 


128.1431 
129.340) 


1 


104.2804 
105.3610 


107.5389 
108.63631108.7463|108.8564 
109.7392[109.8498[109.9004[110.0711 
110.8476 
111.9617 
201/01 13.08 13 
202/114. 206g 
(203]115-3372 
20401 16.4735 
205]117.6154 
J206[118.7629 
2071119.9159 
208]121.0745 
2091122.2387 
2101123.4084 
1211]124.5337 


93-7805 
9.4.8055 
95-8359 
96.8720 
97-9136 
98.9608 
I00.0136|[100.1192 
101.0719 


93-8528, 93.9851] 94.0874 


126.95F1112 


95.0111 
96.0427 
97-0799 
98.1226 
99-1709 
100.2248 
101.1781|101.284 , 
102.2425102.3493[102.4561 
103.3126[103.4199|103.5272 
104.3882[104.4960[104.0040 
105.4093,105.5778[105.6862 
106.5561|[106.6651[106.7741 
107.6484|[107.7579|t07.8075 


95.1140 
96.1462 
97.1839 
98.2272 


99.2761 
100.3305 


101.2905 


94.9082 
95.9393 
96.9759 
98.0181 


99.0658 


110.9588|[{11,0700|[ 11.1813 
112.0734[112.1851}112.2970 
I13.1935|113.3059][13.4182 
114-3193|114.4322|114.5451 
115.4506[115.5040[115.60775 
116.5875|116,7015|116.8155 
[17.7299]117.8445|117.9491 
118.8779]118.9930[119.1082 
120.0315|120.1472[120.2029 
121.1907|[121,306g9]121.4232 
122.3554|122.4722[122.5890 
123.52571123.0430[123.7604 
124.7016[124.38195]124.9374 
125.8830[126.0015|[126,1200 
7. 700127. 1890f 27. 308 
128.2626j128.3822[128.5015 


| 


\S 
Wu 
to 
— 
— 
2 


105.9772 
109.076 


110.181 


127.4272 


129.4608 29.5809 129.7011 


128.6213 


129.8213 


1 


a 


| 
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A TABLE of the Areas of Circles in Wine Gar- 
LONS, 1% all Diameters in Inches and Inches and 
Tenths, from 1 to 216 Inches, 


ATREATISE of 


Sect. XII. 


* 


. 


Dia. 
in 7 1 2 3 4 
Inc. | 
1 | 0.0034 0.004 1| 0.0048 0.0057| 0.0066] 
2.] 0.0136] 0.0149] 0.0164| 0.0179] 0.0195 
3 | 0.0306| 0.0326] 0.0348] o. 0370 0.0393 
4 | 0.0544] 0.0571] 0.0599] 0.0628] 0.0658 
5 | 0.085c| 0.0884] 0.0919] 0.0955] 0.0991 
6 | 0.1224] 0.1265] 0.1306 0.1349] 0.1392 
7 | 0.1666] 0.17129] 0.1762] 0.1811] 0.1861 
8 | 0.2176] 0.2230] 0.2286| 0.2342 0.2399 
9 | 0.2754] 0.2815] o. 2877 0.2940] o. 3004 
10 | 0.3400] 0.3468] 0.3537] 0.3607] 0.3677 
It | 0.4114} 0.4189] o. 4264 0.4341] 0.4418 
12 | 0.4896, 0.4977] 0.5060] 0.5143] 0.5227 
I3 | 0.5746] 0.5834} 0.5924] 0.6014] 0.6105 
14 | 0.6664] 0.6759] 0.60855] 0.6952] 0.705 
15 | 0.7650] 0.7752] 0.7855] 0.7959] 0.8063 
16 | 0.8704] 0.8813] 0.8922] 0.9033] 0.9144 
17 | 0.9826| 0 9941] 1.0058} 1.0175] 1.0293 
18 ] 1.1016] 1.1138} 1.1262] 1.13860 1.1511] 
| 19 | 1.2274] 1-2403] 1.2533] 1.2664] 1.2796| 
20 | 1.3600] 1-3736| 1.3873] 1.4011] 1.414 
24 | 1.4994] 1-5137] 1.5280] 1.5425| 1.5570 
22 | 1.9456] 1.6605] 1.6756] 1.6907] 1.7059 
23 } 1.7986] 1.8142] 1.8300] 1.8458| 1.8617 
| 24 | 1.9584] 1.9747] 1-9911| 2.0076| 2.0242 
25 | 2.12500 2.1420] 2.1591] 2.1763] 2.1935 
26 | 2.2984] 2.3161] 2.3338] 2.3517] 2.3690 
27 | 2.4786| 2.4969] 2.3154] 2.5339] 2.5525 
28 | 2.6656| 2.6846 2.7038 2.7230| 2,7423 
29 | 2.8594) 2.8791] 2.8989] 2.91880 2.9388 
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A TABLE of the Areas of Circles in Wine GaL- 
Is, to all Diameters in Inches and Inches and 
Tenths, from 1 to 216 Inches. 


Dia. "ICY 
in 6 .6 7 8 9 


1 | 0.0076| 0.0087] 0.0098] o. o1 10 0.0122 
2 | 0.0212] 0.0229] 0.0247] 0.0266| 0.0285 
3 | 9.0416] 0.0440] 0.0465] 0.0490] 0.0517 
4 | 0.0688| 0.0719] 0.0751] 0.0783 00m" 
5 | 0.1028| 0.1066] 0.1104] 0.1143] 0.1183 
6 | 0.1436| 0.1481 9.1526 0.1572] o. 1618 
7 | 0.1912| 0.1963] 0.2015] 0.2068] 0.2121 
8 | 0.2456| 0.2514] 0.2573] 0.2632] 0.2693 
g | 0.3068| 0.3133] 0.3199] 0.3265] 0.3332 
to | 0.3748 3 0.3892] 0.3965] 0.4039 
I1 | 0.4496| 0.4575] o. 4654 0.4734| 0.4814 
12 | 0.5312] 0.5397] 0.5483] 0.5570] 0.5657 
13 | 0.6196| 0.0288] 0.6381] 0.6474 0.6569] 
14 | 0.7148] o. 7247] 0.7347] 0.7447] 0.7548 
15 | 0.8168] 0.8274] 0.8380] 0.8487] 0.8595 
16 | 0.9256] 0.9369] 0.9482] 0.9596] 0.9710 
17 | 1.0412) 1.0531] 1.0651] 1.0772] 1.0893 
18 | 1.1636] 1.1762] 1.1889] 1.2016| 1.2145 
I9 | 1.2928] 1.3061] 1.3195] 1.3329] 1.3464 
20 | 1.4288] 1.4428] 1.4598] 1.4709 1.4851] 
| 21 | 1.5716] 1.5863] 1.6010] 1.6158] 1.6306 
| 22 | 1.7212| 1.7365 1.7519] 1.7674] 1.7829 
23 | 1.8776] 7.8936 1.9097] 1.9258 1.9421] 
24 | 2.0408| 2,0575| 2.0743] 2.0911] 2.1080 
25 | 2.2108| 2.2282 2.2456| 2.2631] 2.2805 
26 | 2.3876| 2.4057] 2.4238] 2.4450] 2.4602 
| 27 | 2.5712] 2.5899 2.6087] 2.6276| 2.6465 
28 2.7616 2.7810] 2,8005| 2. 82000 2.8397 


| 29 | 2-9588| 2.97891 2.9991] 3-0193] 2.325 
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8 [11.4376 


| 


9.9144 


10.2850]10. 3224 
6 110.6624 


11.0466 


11.8354 


3.5033 


6] 9.5866 


11.8755 


3.0804 
3.2885 


3+7250 
3-9535 
4.1888 


4-4309 
4.6797 
4:9354 
29-2979 
5.4072 
57433 
6.0261 
6.3158 
6.0123 
6.9156 
1-2257 
J:5425 
7.8662 
8.1967 
8.5340 
8.8781 
9.2289 


9.9511 


10.7005 
[1.0853 
[1.4770 


12.2808 


22 WK 


— — — 


3. Iooꝗ 
3.3096 
3.3252 
3.7476 
3.9767 
4.2127 
44554 
4.7090 
4.9614 
5-2245 
54945 
5.7712 
6.0548 
6.3452 
6.0423 
6.9463 
7-2570 
7.5746 
7-8990 
8.2301 
8.5681 
8.9128 


9.2644 
9.6228 


9.9879 


10.0248 
10. 3599/10. 3975 
10.738600. 7769 
11.1242J11.1031 
11.516601 1.3862 
I1.9157|1 1.9560 
12.3217112.3027 


3 


3.1213 
3+ 3309 
3+ 5471 
3.7704 
4. 000 
42367 
4.4801 
4-7 303 
4.9874 
52512 
5.5219 
57993 
6.0835 
6.3746 
6.6724 
6.9771 
7.2885 
7.6067 
7-9318 
8.2636 
8.6023 


8.9477 
9.2999 
9.6590 


12.2400 


10.0618 
10.4351 
10.8152 
I1.2021 
11.5959 
11.9964 
12.4037 
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Di 


in 
Inc. 


.6 


7 


8 


9 


e r 


1770 
31 


6 7.3833 


3.1836 
3.3951 
3.6133 
3.8384 
4 0703 
4.3090 
4.5545 
4.8067 
5.0658 
5.3317 
5.6044 
5.8839 
6.1701 
6.4632 
6.7631 
7.0698 


7˙7035 
8.0 300 
8.3645 
8.7052 
9.0527 
9.4069 


6 9.7680 


10,1359 
10.5106 


10.8921 
I1.2803 


11.6754 
12.0773 


12.4860 


3.2044 
3.4166 
3.6335 
3.8613 
4.0939 
43332 
4.5794 
4.8323 
5.0921 
3.3587 
5.6320 
5.9122 
6.1991 
6.4929 
6.7935 
7.1008 
7.4150 
7.7339 
8.0637 
8.3983 
8.7396 
9.0878 
9.4427 
9 8045 

10.1731 

10.3484 

10.9306 

11.3195 

11.7153 

12.1179 


12.827211 2.3688 


| 


3-2253 
3.4382 
3-0578 
3.8842 
4.1175 
4.3575 
4.6044 
4.8580 
5.1184 
5-3857 
5.0597 
5.9406 
6.2282 
6.5226 


—ê 


3-2463 
3-4598 
3.6801 
3-9073 
4.1412 
4.3819 
4.0294 
4.8837 
5.1449 
5.4128 
5-0875 
5.9690 
6.2573 
6.5525 


6.8239 
7.1319 
7.4468 
7.7084 
8.0968 
8.4321 
8.7741 


6.8544] 
7.1631 
7.4786 
7.8009 
8.1301 
8.4660 
8.8087 


9.1230 


9.4786] 9.5145 


9.8410 
10.2103 
10.5863 
10.9692 
11.3588 


11.7852 
12.1385 


9.1582 


9.8777 
10.2476 


10.6243 
11.0078 
11.3981 


11.7953 
12.1992 
12.6099 


ͤä„ I—_ 


The 
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280 4ATRAEATISE of Sgr. XII. 


The Areas of Circles in WINE GALLONS. 


— 


= 
in 0 1 a3 # © 4 


61 2.6514 12.6929 12.7344/12.7761112.8178 
| 62 13.069$13.1117 13-1540[13.1963[13.2387 
63 3.4949 35009] 3-5804[13-6234|1 3.6665 


64 [13.9204[13.9699]14.0145|[14-0572[14.1010 
65 [14.3950[14.4092]14-4535]14 4979|14-5423 
66 [14.8104[14.8553|[14.9002[14.9453[14.9904 
67 [15.2626|15.3081115.3538[15.3995[15.4453 
68 1 1 15.8 14201. 8606015. 9071 


69 16. 18741 6.2 343016. 28 1316.32 8416.3756 
70 [16.0600 16.707016.7553 16.803 116.8309 
71 17.139417. 187717. 2360017. 284517. 3330 
72 [17.6256117.6745|17.7236|17.7727|17.8219 
73 |18.1186[18,1682|18.2180]18.2678|18.3177 
74 18.6184 18.668 718.719 1018.7696018.8202 
75 19.125019. 1760.19. 2271019.2783019.3295 
76 19.6384 19.690119. 7418019.793 719.8436 
77 20. 158620. 2 10900. 263420. 3 159K 0.3085 
78 20.68 56020. 7386 K0. 79 18020. 845020. 8983 
79 21.2194 1. 27310 1.32692 1. 380802 1. 4348 
80 21.7600 1.8 14402 1. 868902 1.923302 1.9781 
| 81 22.307422. 3625/2 2.417602 2.4729]22,5282 

82 [22.86016[22.9173[22.9732[23.0291]2 3.0851 
83 23.4226 3. 479002 3.5356 3.592202 3.6489 
84 23. 990424. 04754. 1047/4. 1620024. 2194 
85 24.565002 4. 62 2802 4. 68074. 7387/24. 7967 
| 85 125.1464 3. 204902 5. 2634/2 3.322102 f. 3808 
87 [25.7340]25.7937125-8530]25.9123[25.9717 
88 26.329626. 3894.2 6.44942 6. 509402 6. 369 
89 26.93 1%%˙6.9919 27.052527. 1132027. 1740 
90 27. 5400027. 60 12027. 662527. 72390 27.7883 
| 91 28.135402 8.2173 28.2792 8.341302 8.4034 
The 
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<5 


12.8590 
I 3.2812 
13.7096 
14.1448 


[14-5868 


15.0356 
I5.4912 
19.9536 
16.4228 
16.8988 
17.3816 
17.8712 
18.3676 
18.8708 
19.3808 
19.8976 
20.4212 
20.9516 
21.4888 
22.0328 
22.5830 
23.1412 
23.7050 
24.2708 
24.8548 
23.4396 
26.0312 
26.6296 


6 


7 


12.9013 
13.3237 


13.7528013.7961 
14.1887]14.2327 
14.6314|14.0760 


15.0809 
13.5371 
16.0002 
16.4701 
16.9468 
17.4303 
17.9205 
18.4176 
18.9215 
19.4322 
19-9497 
20.4739 
21.0050 
21.5429 
22.0876 
22.6391 
23-1973 
23.7624 
243343 
24.9130 
25.4985 
26.0907 
26.6898 


27.2345[27.2957 
27.8468[27.9084 


[28.4656 28.5279 


12.9434 
13.3663 


15.1262 
15.5831 
16.0469 
16.5175 
16.9948 
17.4790 
17.9699 
18.4677 
18.9723 
19.4836 
20.0015 
20.5267 
21.0585 
21.5971 
22.1424 
22.6946 
23.2535 
23.8193 
24.3919 
24.9712 
25-5574 
26.1502 
20.7501 
27.3567 


8 


12.9834 
13.4090 
13.8394 
14.2767 
147207 
15.1716 
15.6292 
16.0936 
16.5649 
17.0429 
17.5278 
18.0194 
18.3178 
19.0231 
19-5351 
20.0540 
20.5796 
21.1120 
21.6513 
22.1973 
22.7502 
23 3098 
23.8762 
24-4495 
25.0295 
25.6164 
26.2100 
26.8104 


27-4177 


— 


K. 


13.0274 
13.4517 
13.8829 
14.3208 
14-765 
[5.2170] 
15.0753 
16,1405 
16.6124 
17.0911 
17.5766 
18.0689 
18.5681 
19.0740 
19.5867 
20. 1062 
20.0325 
21.1057] 
21.7050 
22.2523 
22,8058 
23.3661 
23.9333 
24.5072 
25.0879 
25.0754 
26.2097 
26.8709 
27.4788 


27.9700 
28.5902 


28.0317 
28.6526 


28.0935 
28.7150] 


O 


The 
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| in 
ac. 


Dia. 


ö 
Oo 


| 


1 


+2 


28.7770 
29.4066 
30.0424 
20.6850 
31-3344 


31.9900 
32.6536 


9 133-3234 


34.0000 


35-3730 
36.0706 


36.7744 


27.4050 
38.2024 
38.9266 
39-0570 
40.3954 
41.1400 
41.8914 
42.6496 
43-4146 
44.1804 
44.9650 
45-7594 
46.5426 
47-3410 
48.1474 


) 18.9500 


34.6834 


28.8401 
29.4698 
30. 1063 
30.7490 
31.3997 
32.0505 
32.7202 
33-399/ 
34.0680 
34-7521 
35-4429 
30.1400 
36.8451 
37-5504 
38.2745 
38.9993 
397310 
40.4095 
41.2148 
41.9669 
12.7257 
43-4914 
144.2039 
45-0432 
45.8293 
46.6221 
47.4218 
48.2283 
49.0416 


28.9028 
295332 
30 1703 
30.8143 
31.4630 
32.1226 
32.7870 
33-4581 
34-1301 
34.3208 


36.2108 
36:9159 
37.6279 
38.3466 
39.0722 


40.5437 
41.2897 


44-3415 


45.1215 


45.9082 
46.7018 


47-5022 


45.3093 
19.1235 


33.5124 


39. 8046 


42.0424 
42. 8020 


43-5084 


3 


29.5966 
39-2344 
30.8791 
31-5305 
32.1887 
32.8538 
33-5250 
34-2043 
34-3397 
35-5819 
36.2810 
36.9868 
37-0995 
38.4189 
29-1451 
29.8782 
40.6180 
41-3047 
42.1181 
142.8783 
43-0454 
44+4.192 
45-1999 
45-9873 
40.7815 
47-5826 
48.3904 


29.6601 
30.298 
30-943 
31.590 
32-254 
32.920 
33.5932 
34-2725 
34-958 


36.3313 


37-7711 
38.4912 
29.2181 


39-9519 


41.4397 
42.1938 
12.9547 


44.4970 
45˙2783 
46.0664 


49.2051 


48.471 
49.2 869 


35.0515] 
37-0578 


40.0924] 


46.8613] 
47.6631] 


A 


. 
28.9655 29.0283 


43-7225 


EI” 


The 


. 
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— 
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ar | 


5 


{I 


44.574804 


29.0912 
29.7236 
30.3628 
31.0088 
31.6616 
32.3212 
32.9876 
33.6608 
34.3408 
35.0276 


33.7212 
36.4216 


37.1288 
37.8428 
38.5636 
39.2912 
40.02 36 
40.7668 
41.5148 
42.2696 
43.0312 
43-7996 


45.3568 
46.1456 
46.9412 
47-7430 
48.5528 


29-3541 
29.7872 
30.4271 
31.0735 
31.7273 
32.3875 
33-0540 
33-7255 
344092 
35-0967 
35-7999 
36.4920 
I 72 © IN 
37-9146 
38.6361 
39-3043 
40.0994 
40.8413 


41. 9004 


42-3455 
43-1077 
43.8768 

4.0527 


45-4354 


46.2249 


7 


29.2171 
29.8509 
30.4915 
31. 1388 
31.7930 
32.4539 
33.1217 
33-7963 
34-4776 
35.1658 
35.8607 
36.5625 
37-2711 
37-9864 
38.7086 
39-4375 
40-1733 
2 2159 

6652 
42-4214 
43-1843 
43-9541 
44-7307 
45-5140 
46.3042 


47.0211]47.1011 


47.8242147-904 
48.03411[48.7155 


49.4508"49 5325 


8 
29. 29.2802 
29. 9146 
39-5559 
31-2039 
31.8588 
32-5204 
33-1888 
33-8641 
34-5461 
35+2350 
35-9306 
36.6330 
31-3423 
38.0583 
38.7812 
39.5108 
40.2472 
40.9905 
41.7405 


42.497442 


43-2610 


44.8087 
45-5927 


47.1812 


947.9836 


48.7969 


44.0314 


46.383646 


42.6149 


1 


I 


29-3433 

29.9785 
30.6204 
31.2691 
31.9246 
32.5869] 
33.2561 
33-9320 


49.3688 


O 


O 2 


254 


ATABATISE of 


Sect. XII. 
The Areas of Circles in Wix R GALLoNs. 


Dia. 


Inc. 


— — 


in 


121 
122 
123 
124 
125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 


145 


146 
147 
148 
149 
150 


"y 


34 


| 


49- 779 
50.605 

51.4386 
52.2784 
53-1250 
53-9704 
54.8386 
55.7056 
56-5794 


49.8617 
6150.688; 


51.5222 
52.3627 
53-2100 
54.0041 
54-9249 
55-7926 
56.6671 


57-4000157-5484 
58-3474158-4365 


59-2416 
60-1426 
61-0504 
61-9050 
62.8864 
63-8146 
64-7496 


65-691416 
66.6400[6 


67-5954 


68.5576 
69-5266 
70.5024 
71-4850 
72.4744 
73-4706 
74-4730 


75.4834 
76. 5000 


59-3313 
60.2330 
61.1415 
62.0568 
62.9789 
63.9077 
04-8434 
5-7859 
0.7352 
67 6915 
68.6541 


70.6003 
71.5830 
72.5737 
73.5705 


75-5347 
76.6020 
77.0261 


69.62 386 


74.574207 


| 
+2 


49-9440 
50.7716 
51.6060 
52.4471 
53-295\ 
54.1498 
55 Oli4 
55.8798 
56.7549 


58.5256 
59.4212 
60. 32 36 
61.2327 
62.1487 
63.0714 
ba. OOIO 
04-9374 
65.8805 
66.8305 
07.7872 
68.7808 
9.7212 
70.6983 
71.6823 
72.6730 
73.6706 
4.0750 
75.6861 
76.7041 


57-6369157-7255 


— 


3 


50.0265 
50.8547 
51 6898 
52.5310 
53-3803 
54.2357 
55.0979 


55.957065 


56.842 8 


58.6149 


59.511155 


60.4142 
61.3240 
62.2407 
63.164 
64.0943 
65.0314 
65.9752 
66.9259 
67.8833 
68.8475 
69.8186 
70.7904 
71.7811 
72.7725 


73-7707 


74-7758 
75.7876 
76.8063 


77.8317 


4 
EY 
50.1090 
50-9379 


52.6162 
53-4655 
45 3216 
55.1845 
6.0543 
56.9308 


58.7042 


61.4154 
02.3327 


63.2568 
64.1877 


65.1255 
67.0213 


69.9161 
70.8946] 


71.8799 


72.8720 
73-8709 


74-8767] 
75.8892 


51.7737 


9.6011 | 
60.3049 


66.0700 


— — 


67.9794 
68.9443 


57.8141]. 


76.908 A 


I51 


77-5234 


72-2288 


77-9340 
The 
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in 
Inc. 
121 
122 
123 
124 
(125 
126 
127 
128 
129 
130 
131 
132 
133 
134 
135 
136 
137 
138 
139 
140 
141 
142 
143 
144 
145 
146 
147 
148 
[29 
150 7 
LEL 


Dia. 
ö 
* -,& 


50.1916 
51.0212 
51.8576 
52.7008 
53-5508 
54.4070 
55.2712 
36.1416 
37.0188 


57.9028 
58.7930 
59.6912 
60.5956 
61.5068 
62.4248 
63.3490 
64.2812 
65.2196 
66.1648 
67.1168 
68.9750 
69.0412 
70.01 361; 
70.9926 
71.9788 
72.9719 


73. 9712 


74- 9770 


75.9908 
77.0108 


78. 0376 


6 


30.2743 
51.1045 


51.9415 


52.7855 
52.6302 
54-4937 
5535,95 
56.2290 
57. 1009 
57.9910 
58.8831 
59.781306 
60.6864 
61.5983 
62.5170 
03.4425 
04.3747 
65.3138 
66.2597 
67.2124 
58 1719 
69.1381 
70. 1112 
71.0911 


72.0778 


73.0713 
74.0715 
75.0786 


74.1719 
75-1797 
70.0925\7 
77.1132/77.2150 
78.1407|78.2438 


7 


30.3570 
51.1079 
2.0257 
52.8703 
53.7210 
54-5798 
55.4447 
56.3145 
57.1951 
58.0807 
58.9726 

59. 8715 
60.7773 
61.6899 
62.6092 
63.5354 
64.4683 
65.4081 
60.3547 
67.3080 
68.2682 
69.235! 
70. 2089 
71.1895 
72.1705 
73.170 


6.1943 


8 


50.4398 
51.2714 


52.1098 


52.9551 
3.807 


56.4 40 
57-2835 
58.1093 
59.0022 
045" 
60.8682 
61 78 15 
62.7015 


64.5020 


65.5024 
66.449755 
67.402. 


568 3640 
59-332" 
70 3066 
71.2879 
72.2759 


74.2724 
75 2808 
76.296; 


77-3181 
78. 3470 


54.6660 
55331635. 


63.62 846 


73.2708 


— — 


9 

50.5220 
51.3549 
52.194 
53.0409 
53-39%; 
54+ / 2-2 
59185 
56.4917 
57-3710 
58.2583 


| 
| 
| 
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Sect. XII. 


O. 


78.5530 
79-5906 
80.6344 
81.6850 


82.7424 
83.8066 
84.8776 
85-9554 
87.0400 
88.1314 
89.2296 
90-3340 


92-5 
93-0904 
94.8226 
95.9616 
97.1074 
98.2600 
99.4194 
100.58 36 
191.7580 
102.9384 
104.1250 
105.3184 


78.6569 


91.4464 
650] 92.0772 


79-6946 
80.7391 
81.7904 
82.8485 


83-9133 


84.98 50 


86.0633 
87.1488 
6 88.2409 
89.3397 
90.4454 
91.5579 


93-3033 
949361 
96.0758 
97.2223 


98-3750] 


99-5357 
100-7025 
101.8762 
103.0567 
104-2440 


106.51861106.0389 
107. 7296107. 8466 
108.9394 109.0611 
110. 16001 10.2824 
111.3874111. 10g 


105-4381 


+2 


78.7604 
79-7988 
80.8439 
81.8959 


82.9540 
84.0202 


85.0926 
86.1717 
87.2577 
88.3504- 


99.5504 
91.6695 
92.7895 
93.9162 
95-0498 
96.1902 
97-3373 
98.4913 
99.0520 
100.8196 
101.9940 
103.1751 
104.3631 
105-5578 
100.7594 
107.9678 


89.4500 


3 


78.8639 
79.9030 
80.9488 
82.0015 
83.0609 
84.1271 
85. 2002 
86.2800 
87.3667 
88.4601 
89.5603 
90.6674 
91.7812 
92.9019 
94+0293 
95-1635 
96.3046 
97-4524 
98.6071 
99 7685 
100.9367 
102.1118 
103.2936 
104.4823 
105.0777 
106.8799 
108.0890 


109 1829 


1 10.4049 
111.6336 


109.3048 
110.5275 
111.7369 


N 


78.9675 
80.0073 
81.0538 
82.1071 
83.1672 
84.2341 
85.3079 
86.3884 
87.4757 
88.5698 
89.6707 
90.7785 
91.8930 
93-0143 
94-1424 
95-2773 
96.4191 
| 97-5676 

98.7229 

99-8850 
101.0539 
102.2297 
103.4122 
104.6015 
105.7976 
107.0005 


108.2103] 


109.4268 
110.6501 
111.8802 


112.8692 12.9931U113.1171 


1112.62161112.7453 


The 


| 


ä — 


ö 
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* 


5 


s | a 


| 79-0712 
80.1116 
81.1388 


82.2128 
83.273 

84.3412 
85.4156 
86.4968 
87.5848 
88.6796 
89.7812 
90.8896 
92.0048 
93.1268 
94-2550 
95-3912 


96.5336 
97.0828 


98.8388 
100.0016 
[1OI.1712 


102.3476 
103.5308 
104.7208 
105.9170 
107,1212 
108.3316 
109.5488 
110.7728 
112,0036 


8 


$113-2412/[13-3653 


80.216 

81.2639 
82.3186 
83.3801 
84.4483 
85·5234 
86.6053 
87.6940 
88.7895 
89.8917 
91.0008 
92.1167 
9342 394 
94.3689 
95-5051 
96.6482 
97.7981 


FRE 79.2787 


98.9548 


100.1183 
101.2885 
102.4656 
103.6495 
104.8402 
106.0377 
107.2419 
(08.453 

109.6709 
110.8956 
I12.1271 


80.3205 
81.3691 
82.4244 
83.4866 
84-5555 
85.0313 
86.7139 
87.8032 
88.8994 
90.002 3 
91.1121 
92.2287 
93-3520 
94.4822 
95.6191 
96.7629 
97-9135 
99.0708 
100.2350 
101.4059 
102.5837 
103.7683 
104.9596 
106.1578 
107.3627 
108.5745 
109.7931 
111.0184 
112.2506 


[5 


79.3826 
80. 4250 8 
81.4743 
82.5303 
83.5932 
84.6628 
85.7392 


— CO g⁵„ͤÄ— 


87.9125 
89.009 

90.1130 
91.2234 
92.3407 
93.4647 
94.5956 


95-7332 
96.8770 


98.0289 


99.1869 
100.3318 


101.5234 


$7912 


102.7018 


103.8871 
105.0791 
106.2780 
107.4836 
108.6960 
109.9153 
111.1413 


105.1987 
106.3982 
107.6245 
108.8177 
110.0376 
111.2643 


[113.4595 


112.3742 
113.6138 


112.4978 
113.7381 


The 
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The Areas of Circles in Wing GALLONS. 


Ster. XII 


— —— 


i82f 13.862 


7 I 17.6204 
120.1690 


22.7400 


713 1.9506 
33.2936 


11 36.0000 


5[1 42.8850 
144.2824 


|! 49.9400 


O 


DO —ęT: q — 


115.1104 


(16.3650 
118.5944 
121.4514 


1240354 
125.3370 
126.6466 
27.9624 
129.2850 
130.6144 


34.6434 


1373634 
148.7330 
140.1106 
41.4944 


145 6866 
147.0976 
148.3154 


151.3714 
152.8096 
154.2540 
155.7004 


157.1650 
58.6304 


148.657 


I 


Ha 


hn 1 


+2 


3 


— 


4 


3.9870 
«15-2355 
i 10.4900 
117.7529 
19.0217 


20.2974 


121.5799 
22.8692 


24.1053 
125.4681 
26.7778 
28.0943 
129.4170 
139.7477 
122.0845 
133-4282 
34-7787 
136.1360 
(37.5001 


138.8700 
140.2486 
141.0331 
143-0244 


(44-4225 


145-0273 


147-2390 
575 


150.0828 
151.5149 


152.9537 
154.3994 


155.9519 155-997 5] 
157.3112 157.4575157. 6039 157.7503 


114.1110 
I 15.3607 
[16.6167 
7.8794 
119. 1490 
120.4254 
121.7085 
122.9985 
124-2952 
125 5958 
126.9092 
28.2263 
129-5503 
30. 88 10 
132.2186 
133.5630 
134.9141 
136.2721 
137.6368 
139.0084 
40.3868 
141.7719 
143.1639 
144.5626 
(45.9082 
47.3806 
148.7997 
150.2257 
151.6584 
153.0980 


154.5444 


115. 48 60 
116.7427 
118.006 
119.2763 
120.5534 
121.8372 
123.1279 
124-4253 
125.7295 
127.0406 
128.3584 
129.6831 
131.0145 
132.3527 
183.0978 
135.0496 
136.4083 
137-7737 
I 39-1459 
140.5250 
141.9108 
143-3035 
[44-7029 
146.1091 
147.5222 
148.9420 
50.3687 
151.8021 
153.2423 


114+: 302 


114.3609 
115.6114 
116.8687 
118.1328 
119.4037 
120.6815 
121.9660 
123.4574 
1245354 
125.8603 
127.1721 
128.4906 
22 6. 
131. 1480 
132.4869 
133-8327] 
[25.1852 
136.5445 
137-9100] 
139-2835 
140.0033 
142.0498| 
143.4431 
144.8432 
146.2501 
147.0039 
n 
150.5117 
131 9458 
153-3867 


| 


154.6894 


156.1432 


154.8345 
56. 2890 


4 he 
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Dia. 
in 
Inc. 


| 


6 


7 


5 


184 
183 
186 
187 
1188 
4. 

190 
1191 
(192 
1193 


195 
196 
197 
.95 
199 


201 
1202 
203 


205 


207 
208 
209 
210 


1212 
213 


| 

1:83]114.4856 
| 115.7368 
116.9948 
118.2596 
119.3312 
120.8096 
122.0948 
123.3868 
124.6856 
125.9912 
127.3036 
19401 28.6228 
129.9488 
131.2816 
132.6212 
133.9676 
135.3208 
200/136. 6808 
138.0476 
139.4212 
140.8016 
204|142.1888 
143.5828 
206144. 9836 
146.3912 
147.8056 
149.2208 
150.6548 
211[152.0896 
153.5312 
154-9796 
214,150.4348|1 50.5807 
2151157-3968 158-0434, 159.1900 


114.6104 
115.8623 
117.1210 
118.3865 
119.6587 
120.9378 
122.2237 
123.5164 
124.8139 
126.1221 
127.4352 
120.7551 
I 20.0818 
131.4133 
1327555 
134.1026 
135-4505 
136.8172 
138.1847 
139.5389 
140.9400 
142.3279 
143-7220 
145-1241 
146.5323 
147.9474 
149-3093 
150.7980 
152.2335 
153-0757 
155.1245 


114-7353 
1 15.9879 
117.2472 
118.5134 
119.7863 
121.0661 
122.3527 
123.6460 
124.9462 
126.2531 
127.5069 
128.8875 
130.2148 
131.5490 
132.8899 
134-2377 
135-5923 
136.9536 
128.3215 
139.0967 
41.0783 
142.4671 
143.8624 
145.2646 
146.6735 
148.0893 
149.5119 
150.9412 
152.3774 
153 8203 
155.2701 
156.7267 


114.8602 
116.1135 
Y 17-3735 
[18.6404] 
119.9140 
121.1944 
122.4817 
123.7757 
125.0766 
126.3842 
127.6986 
129.019 
130.3479 
131.6828 
133.0244 
134.3729 
133.7281 
137.0901 
138.4590 
139.8340 
141.2170 
42.6063 
144.0023 
145 4952 
140.8148 
148.2312 


| 


149-0545 
151.0845 
152.5214 
153-9650 


145.5458 


9 


114.9853 
116.2392 
117.4999 
118.7674 
120.0417 
121.3229 
122.6108 
123.9055 
123. 2070 
126.3133 
27.8 305 
129.1524 
130.4811 
131.8166 
133.1589 
134.5081 
355470 
137.2267 
138.3962 
139.9725 
141.3337 
142.7450 
144.423 


146.9501] 
148.3733 
149.7972 | 
151.2279 
(52.6054 
154.1097 


1334157 
156.8727 


158.3307 


35.5909 
1370188 


53.4835 


5—ů — 


2» 


p 


Ins 
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The Uſes of the preceding Tables of Areas are 
ſo very obvious, that we apprehend one Example 
will be ſufficient to illuſtrate them both. Let that 
be in finding the Area of a Circle, in Ale and Wine 
Gallons, whole Diameter is 45.4 Inches. 


Againſt 45 in the iſt Column, under the Words 
Diam. in Inches, and in the 6th Column under .4, 
we have 5.7405 Gallons in the Table of Ale 
Areas; and 7.0079 Gallons, in the Table of Wine 
Areas, the Anſwer ſought. 


Since the preceding Tables of Areas are com- 
puted by Methods more exact and eaſy than any J 
have yet ſeen ; it may perhaps not be improper to 
give them here. 

Both theſe Tables are formed by Addition only, 
from two common Addends; i. e. from .000055702 
for Ale,“ and .000068 for Wine Gallons. —Thus, 
the commoa Increaſe of the Diameters, accord- 
ing to the Tables, being Feth of an Inch, the 
Ale Area of any propoſed Diameter muſt, in 
Order to obtain the ſucceeding Area, be increaſed 
by .000053702 of a Gallon, more than the In- 
creaſe of the propoſed Area from the preceding 
One: And, in the Table of Wine Areas, this 
Increaſe, or common Addend, is .000068 of a 
Gallon, 

But, 


ns 


kg — 


* The Reaſon of occogg702 being a common Addend for Ale, and 
,000c68 a common Addend for Wine Gallons, is very evident from the 


Lenma in Pa. 154: For, in this Caſe, g. 13 therefore 227 —= IF. X 2 
(or. C), which being multiplied by .0027851 for Ale, and ,0034 for 
Wine (in Order to have its Meaſure in Parts of a Gallon), gives 
+000055702, the common Addend for Ale, and .ocoob8, the common 
Addend for Wine Gallons, when the Diameter of the Circle is conſtantly 
increaſed by one-tenth of an Inch, 
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But, to be more explicit, it may be proper to 
ſhew the Method of Continuation of the Tables; 
each, for Inſtance, from 129 Inches Diameter : 
Which Method, for Ale Gallons, is as follows. 
To.066814 549 (being the Sum of.00002785; r, 
and 1199 times the common Addend) add the 
common Addend .000055702 ; ard the Sum 
066870251 (called the reſer ved Sum) being added 
to 40. 10544, the Arca for 120 Inches Diameter, 
gives 40. 172310251 for the Area of 120.1 Inches 
Diameter: Again, to. 066870251, the reſerved 
Sum, add the common Addend .000055702 ; 
and this (reſerved) Sum (i. e. 066925953) being 
added to 40.172310251, gives 40.2392 36204. 
for the Area of a Circle in Ale Gallons, whoſe 
Diameter is 120.2 Inches. Proceed in the fame 
Manner, ſtill adding the laſt reſerved Sum and 
the common Addend (.000055702) together, and 
then adding the Sum of thoſe two to the lait 
Area, gives the ſucceeding Area; 1. e. when the 
Diameter is increaſed by th of an Inch. 


And for the Table of Wine Areas (which is 
derived from the very ſame Principle), proceed, 
from 120 Inches Diameter, thus. | 

To. o8 1566 (being the Sum of .000034, and 
1199 times the common Addend/ add the com- 
mon Addend . ooo068; aad this Sum .o81624 
(called the reſerved Sum) being added to 48.96, 
the Area for 120 Inches Diameter, gives 
49.04.1634 for 120.1 Inches: Again, to.o81634, 
the laſt reſerved Sum, add the common Addend 
. 000068, and we ſhall then get .081702 for the 
reſerved Sum; which being added to 49.041634 
(found above) gives 49.123330, the Area for 
120.2 Inches Diameter; and to on: See the fol- 
lowing Operation. . 
p Inches. 
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Inches. Gallons. 
120 - 48.960000 0g 1366 reſervedSum at 


Add .o81634 .o00008 [ 120 Inches, 


I20.1 - 49.041634 081634 reſerved, 
Add .o81702 .000068 


— Ln mad 


I20.2 - 49.123336 08 1702 reſerved, 
Add . 081770 .000068 


120.3 - 49.20% 106 08170 
081838 000068 


120.4 49.286944 081838 
08 1906 .000068 


120.5 - 49.368850 , . o8 1906 
081974 .000068 


—— 


120.6 - 49.450824. 081974 
Se. Pc. 


CC, ms, 


— — 


A TABLE 


Ins the 17 L. of the Errata, the Correction ſhould have been in . 
Frgle, a ' 


RN ue 
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A TABLE of the Areas of the Segments of a Circle 
whoſe Dio neter is Unity, and ſuppoſed to be divi- 
ded into 1000 equal Parts. 


Ver-| | Ve | Ver- 
fed |Seg. Area || ſed . Area | ſed |Seg. Area 
Sine Sine Sine 2 
. 001. 0 53008869 | .059|.018760 
.002 |.000119 || .031|.007229 || .060].019239 
.003 |.000219 || .032 |.007558 061019716 
.004 |.000337 || .032|.007913 062. 020196 
.005|.000470 || .034 . 08273 | .003 020680 
006. 00618 . 35. 008638 . 064.02 1168 
,007 |.000779 | .036f.009008 | .065|.021659 
,008|.000951 || .037|.009383 | .066].022154 
.o09-001135 || .038|.009763 || .067 022652 
010 175 039010148 [068.0237154 
011.0015333 | 040. 010537 . 069. 23659 
. 0121.001746 [041 10931 . 0%. 024108 
0131.001968 . 0421.011330 [071 024680 
014. 002199 . 043. 011734072. 023195 
0151.002438 0444.012142. 073 1.025714 
016002685 . 043. 012554074. 026236 
.017|.002940 || .046| 012971 | .075|.026761 
018]. 03202 || .047|.013392 f. 0760.027289 
019. 03471 . 48.013818 [07.027821 
020. 03748 . 49.014247 078. 028356 
.021|.004031 || .050].014681 || .079].028894. 
022. 004322 || .051|.015119 || .080[.029435 
.023|.004618 | .052|.015501 || .081].029979 
.024|.004921 | .053|-016007 082.0305620 
025. 052 30 || .054|.0i6457 . 083.03 1076 
026. 05546 . 0535.016911 . 084.03 1629 
.027|.005867 | .056|.017369 . 085032186 
.028],006194 | .057].017831 | 0861.032745 
029. 06527 f. 0538.018296 || .0871.033307 


The 


Sgr. XII. 
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The Areas of the Segments of a Circle. 
Ver- Ver- Ver- 
| ied |Seg..{rea || ſed |Seg. Area || fed |Seg. Area 
[Sine Sine | Sine | | 
.085 [.033872 || .119].052730 || .150 073974 
1.089. 034441 || 120. 033383 .151].074589} 
. oo. 035011 [. 121.0534036 12.073306 
. og 1.035585 f. 122.0384689 13.076026 
0920.036162 . 123.0333453 14.076747 
093. 036741 . 124. 66003135 077469] 
-094|.037323 || .125|-056663 || 136.078 194 
1-095 |.037909 || .126].057326 || .157[.078921 
096. 38496 f. 127. 037991 .158].079649 
097. 39087 . 128. 038658 159. 080380 
og8 . 39680 || .129 —.— 1600.081112 
099. 40276 f. 130. 059999 | .161|,081846 
100|.040875 || .131].060672 || .162|.082582 
01.041476 || .1322[.061348 || .163j.083320 
102. 042080 || .1331.062026 || .164 .084059| 
[.103|.042687 || .134|.062707 || .165|.084801 
1. 104.0432296 || .125[.063289 || .105j.085544 
105 1.043908 || .136].004074 || .167 .086289| 
.1061.044522 | .137|.064760 || .168].087036 
107. 045139 || .138| 665449 || .169].087785 
108.0437539 .139j.066140 || .170].088535 
109 046381 140. 066833171. 089287 
110. 47g. 141.0675328 || .1721.09004 1 
1111.047632. 14 2.068225 [1731.090797 
1121.048262 1431.058924 174.0913354 
. 113.048 894 144. 69625 175092313 
114.048 6145.070328 176. 093074 
115.0301653 1146.071033 [ 17/.093836 
1. 116. 030804 .147].071741 || .178].094601 
417 031446 1480.072450. 1791.093366 
111803200 |} .1491.072461 || .180] 096134 


The 
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The Areas of the Segments of a Circle. 
Ver- Ver- 
| - Ver- 
ſed | Seg. 
-_ eg. Area 1 Seg. Area || 1cd Sg. Area 
181 |.096 IT _ | 
a ' 02 ||. ren wa 
18. 8 ien f . 24311473124 
88 2131.122347 [. 244148371 
. 09 447 || .214|-123167 || .245 149230 
bow 099221. 2138.123988 || .246 150091 
185. 099997 2161.124810. 247. 130 
hw 100774 || .217|.125034 1 
135 12 218.1264539 || .249 132680 
. .102334 || .219|.12728 20. | 
l 525015354 
* 9 por -220].128I13 || .251].154412] 
* 101855 2210.128942 [. 232.1535280 
70 . 25 129773 2531.156149 
| X .1 30605 || .254|.15701 
* 
2 2 22.132272 [. 2560.138762 
95.107842 . 226. 133108 . 237. 1396 
196. 108636 2178852 
K 227.1339453 [238 1605 10 
1197/109430 228.1713478 
198. 110226 34784 28916726 
| f 2 2291.135624 . 260. 162263 
199111024 230. 136465 261. 6 | 
J. 2000. 11182 g n 
3 FE, .2311.137307 || 2621.164019 
ror Ran br 
209 8 . 2330.138995 264.1657 80 
. 1 234. 139841 . 265. 166663 
3 £33035 .2351.140688 || 266.167546 
[225 118675 236141537 || .267 166430 
9 5 2371.142387 268.1693155 
907 Sept o 238.7143238 .269|.170202 
a 71.239. 144091270. 17108 
209. 119083 || .240 3 
210. 1198 2 
— VP 97 241. 143799 || .272|.172867 
[-2111.129712 242.1453 | £273) 73758] 


Tye 


— _ — 2 
2 
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Ver- 


ſed 


Sine 


274 
275 
276 
277 
278 
279 
280 
281 
282 
283 
1.284 
289 
286 


287 


288 


289 


290 
291 
292 
293 
294 
2935 
296 
297 
298 
299 
300 
301 
302 
303 


| 


— 


Seg. Area 


174649 
175542 
170435 
.177330 
178225 
179122 
180019 
180918 
181817 
182718 


183619 


184521 
183429 
186329 
187234 
188140 


189047 


189955 
. 1908064 


191775 


192684 
193590 
194509 
195422 
.190337 
197252 
.198168 
.19908; 
.200003 
. 200922 
201847 


Ver- 


ſed 


| 
| Seg. Area 


Sine 
305 
306 
307 
308 
309 
310 
II 
312 
313 
+314 
315 
316 
317 
318 
319 
320 
321 
322 
323 
324 
325 
326 
327 
328 
429 
330 
331 
332 
333 


202761 
203683 
204605 
205527 
206451 
207376 
208301 
209227 
210154 
211082 
212011 
212940 
213871 
214802 
215733 
216666 
217599 


218533 
219468 


220404 
221340 
222277 
223215 
224134 
225093 
226033 
226974 


227915 


226858 
3341.229801 
239245 


| 


336 
337 
338 
339 


341 
342 
343 
3⁴⁴ 
345 
346 
347 


354 
355 


358 


Ver- 
ſed 
Sine 


340 


348 
349 
350 
35¹ 
+352 
353 


356 
37 


Seg. Area 


231689 
232634 
233580 
234526 
235473 
236421 
237369 
238318 
239268 
240218 | 
.241169 
242121 
243074 
244026 
244980 
243934 
246889 
247845 
248801 
249757 
250715 
. 251673 
N 
253590 
2572550 
1.255510 
256471 
257433 
258395 
259357 


3660.260320 


| 
| 
| 
| 
| 
| 
| 


+335 


The 
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The Areas of the Segments of a Circle, 
Ver- | Ver- * 
led |Seg. Area | led |Seg. Area | ſed Sep. Area 

Sine | Sine 
3671.261284 289453 [425.3179 
368 . 262248 290432 4206.318970 
3691.263213 2914114273999 
370. 264178 292390 [ 428.3209438 
+371]-205144 -293309 || -429].221938 
3721.266111 294349 . 30.322928 
-373|-207078 295330 -431[.323918 
374.2680435 296311 [4321.324909 
-375|-209013 297292 || .433].325990 
.376|.269982 51-299273 || .434|.320392 
377270951 1-£99255 || -435]-327882 
$3781].271920 300238 [436328874 
3790.272890 ert -437]- 329906] 
.380|.273861 ||. 302203 438.3308538 
381274832 303187439 331850 
382275803 304171440. 332843 
3831.276775 309155 .441].3338 36 
384277748 306140 442.3349 
3851.278721 307125 [443.3335822 
3861.279694 308110 444.3368106 
3387.280668 - 309095 445.3378 10 
3881.281042 310081 .446]. 323804 
3891.282617 311068 || ,4471].339798 
.390|.283592 | 312054 .448|] 340793 
391.2845068 313041 449341787 
392285544 314029 450342782 
3931.286541 315016 [451343777 
394·287498 316004 || .4521-344772 
+395 .288476 | .316992 [4331.343768 
Qq Tis 
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The Areas of the Segments of a Circle. 


Ver- 
ſed 


Sine 


454 
-455 
456 
457 
458 
459 
460 
1.461 
. 462 
1.463 
464 


. 


Seg. Area 


346704 
347759 
348755 
349752 
350748 
351745 
352742 
353739 


355732 
356730 
357727 
358725 
359723 
360721 
361719 
362717 
363715 
364713 
365712 


307709 


368708 


354736 


365710. 


el 


Ver- 
ſed 
Sine 


478 
179 
480 
481 
482 
483 
484 
483 
480 
487 
488 
489 
490 
491 
492 
493 
494 


Seg. Area 


370700 
37705 


372704 


373703 
374702 
375702 
376702 
377701 
378701 
379700 
380700 
38 1699 
382699 
383699 
384699 
383699 
386699 
. 387699 
388699 
389699 
390699 


391699 


392699 


W 


— 


W 


The 
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The Uje of the Line M. D on the Sliding- 
Rule, in Malt-Gauging, 


It is preſumed that no great Difficulty can ariſe 
in the Practice of Mal;-Gaugping, if what has been 
delivered in Se. VII. and VIII. be duly attended 
to: For it is well known, that a Malſter's Ciſtern 
Ci. e. where the Barley is ſteeped) and alſo the Couch 
Ci. e. where it is laid after it has been ſteeped) are 
chiefly in the, Form of a Cylinder, the Fruſtum 
of a Cone, or a rectangular Parallelopipedon ; which 
Figures, with Variety of others, have been fully 
treated of in the above-mentioned SeFions, and 
their Contents computed, in Malt Buſhels, both 
by Pen and Sliding-Rule: However, it may not 
be amiſs to give a few Propoſitions. and exempliſy 
the ſame, in Order to ſhew the Uſe of the Line 
M. D (commonly called Mali-Depih] on the Sli- 
ding Rule. | 

Note. When the Barley is taken out of the 
Couch and ſpread on the Floor, it is then called a 
Floor of Malt, 


Pikes 


} ; 
The Length and Breadth of a redtangular Paral- 
lelegram being given in Inches; to find the Area 


thereof (in Inches) by the Line M. D, &c. on the 
Sliding- Rule, * 


Ru L E. 


To either of the given Dimenſions on M. D, fer 
the other on the Line B, or, which is the very 
lame (on ſomes Rules, that marked N; ther 

| Q q 2 ag ung 
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again® 1 (viz Unity) on M. D, is the required 
Arca on the dude. 


EXAMPLE. 


Let the Length of a rectangular Parallelogram 
be 12, and the Breadth 7 Inches ; required the 
Area thercof. 


To 7 on M. D, ſet 12 on B (or N); then op- 
poſite 1 on M. D, is 84 on B, the Area ſought, 


It is to be blerved, in Examples of this Kind, 
that 1 on M.D muſt always repreſent Unity, | 
and therefore the Factor taken on that Line, if 
greater than 21.5042, mult be divided by ſuch a 
Power of 10 as will cauſe 1 on M. D to denote 
Unity; then the Number oppoſite thereto being 
multiplied by the ſame Power of 10 as the above- 
mentioned Factor was divided by, and the Product 
will be the Antwer fought. 


Prov. II. 

The Length and Breadth of a reflan gular Paral- 
lelogram being given in Inches; io find its Area in 
Malt Buſhels, by the Line M. D. 

Ru E. 


. 


— 


* It is manifeſt, that, by ſetting 12 on B (or N) to 2 on M. D (or 7 on B 
to 12 on M D), we ſha!) obtain (on B) the Sum of the Diſtances of 1 to 12 
on B, and i to yon M. D (or 1 to 7 on B, and 1 to 12 on M. D): But theſe 
Piſt :nc:s (hy the ConfiruQtion of the Li nes) are as the Logarithms of 7 and 
22 reſpect vely ; conſequently the Sum of thoſe Diſtznces will be as the Sum 
of the Logarithms of thoſe Numbers, which, by the Property of ite, 
js as the Lovgarithm of their Product. 
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Ru l. E. 


To either of the given Dimenſions on M. D, ſet 
the other on B (or N); then againſt 1 (7. e. Uni- 
ty) on A, is the required Area on B. 


EXAMPLE. 


Suppoſe the Length of a rectangolar Ciſtern is 
180, and the Breadth 53 5 Inches; required the 
Area thereof in Malt Buſhels. 


Note. As it is ſometimes difficult to eſtimate the 
true Value of the Number found upon the Line 
B; it may therefore be proper to lay down the fol- 
lowing Directions. 


Let 1, near the Middle of M. D, denote Unity ; 
and the Number oppoſite thereto, at the Braſs Pin 
on A, reprefent 2150.42 ; then, in Order to have 
1 at the Middle of the Line A to ſtand for Unity 
(inſtead of 1000), we need but to conceive the 
Product of the two given Factors to be divided by 
1000 :+ Thus, in the Example before us, to 1.8 

(inſtead, 


lli——— 


+ By ſuppoſing the Product of the two given Factors to be divided by 
roco, is the very ſame Thing as ſuppoſing thre Radii taken from the Lines 
M. D and B: For by ſetting 5 35 (infte+4 ni 53.5) on B to «5.8 (inſtead of 
180) we ſhall obtain the Diſtance of x to x.8 on M. D, and of 1 to 5.35 on 
B, in one Sum on B; which Diſtance is diminiſhed by that of 1 to 2. 1 5042 


Ci. e. =) on A: Moreover, by the Conſtruction of the Liner, 


theſe Diſtances are as the Logarithms of tke Numbers 1.8, 5.35, and 
2.15042 reſpeQively ; whence, by the Properties of Logarithms, the Log. 
1.8 + J. 5.35 — L. 2 15042 (=L. 180 ＋ L. 55.5 — L. 2159-442 3 


1-3X 5.35 "os 180X 53-5 


1. 4-479) = 2.15942 215042 


= 4479+ 


PAI 


„ 
vs nm” 


— 


= — — —— — — — _ 
r 
Ld * y 


— — 
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(inſtead of 180) on M. D, ſet 5.35 (inſtead of 53.5) 
on B; then againſt 1 on A is 4.5 Buſhels, zearly, 
on B. | | 


Note. The Anſwer will come out the very ſame 
as above; if 1 at the Beginning of the Line A 
denotes Unity, the Number at the Braſs Pin, op- 
poſite i /w:z. Unity) on M.D 215.042, and the 
Product , the two Factors on M. D and B be ſup- 
poſcd to be divided by 100 (inſtead of 1000); but _ 
it will, J preſume, be better to keep to one general 
Method, as given above. 


If the given Length of the Ciſtern is not leſs - 
than 100 nor greater than 10000 (which laſt in- 
deed never happens in Practice); then the required 
Area may be obtained, with more Eaſe to a Learn- 
er, by the Lines A and B. — Thus, in the laſt 
Example, to 2150 on A, ſet 53.5 on B; then 
oppolite 180 (on the 1ſt Radius) on A, is 4.5 
Buſhels, zearly, on B. 


Pa OP. III. 


The Length, Breadth, and Depth of a redtangular 
Parallelopipedon being given; to find its Content in 
Malt Buſbels, by the Line M. D, &c. on the Sliding 
Rule. 


RuLE. 
To any of the three given Dimenſions on M.D, 
ſet either of the other two on B (N); then againſt 


the third Dimenſion on A, is the required Con- 
tent on B. 


ExAMrLE. 


Szer. XIl, GAUGING; 303 


EXAMPLE, 


Let the Length of a rectangular Floor of Malt 
be 350, the Breadth 160, and the Depth 6. 3 
Inches; required its Content in Malt Buſhels. 


To 350 (or rather 3.5) on M. D, ſet 160 (or 16) 
on B (vid. the laſt Example); then againſt 6.5 (on 
the 2d Radius) on A, is 169 Buſhels on B. 


Note. As 1 in the Middle of the Line A, ac- 
cording to our Method of Eſtimation, always de- 
notes Unity, the third Dimenſion, when it exceeds 
10, cannot be found on A: It will therefore be 
neceſſary, in ſuch Caſes, to have Recourſe to the 
Method laid down in Pa. 42. 


Thus, for Inſtance, ſuppoſe the laſt Example 
had been a rectangular Ciltern, whoſe Depth had 
been 65 Inches, and the other Dimen ſions the ſame 
as before. 

Then, the Rule being ſet as above, againſt 6.5 
(i e. Heth of 65) we have 169; which being mul- 
tiplied by 10, gives 1690 Buſhels, the required 
Content of the Ciſtern, zearly. 


The END. 


